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THE TECHNICAL TESTING

OF

YARNS AND TEXTILE FABRICS.

YARN TESTING.

BY the term ‘“yarn” is understood the final product of the
process of spinning, or the twisting of textile fibres into a
single thread. According to the nature of the raw material
employed we may have cotton yarn, linen yarn, jute yarn,
carded wool (woollen) yarn, combed wool (worsted) yarn.
Woollen is a term denoting a yarn, the fibres of which are
not, as in the case of worsted yarn, arranged to lie parallel with
each other. Worsted is the distinctive name attached to a
yarn spun from pure wool in such a way that all the fibres
are as nearly parallel, and are as nearly of equal length, as
possible.

Union yarns are spun from a mixture of cotton and wool,
silk and cotton, or silk and wool, but they are more frequently
twist yarns of these materials than mixed.

Angola yarn is a mixture of cotton and wool, the pro-
portions of which materials vary .considerably according to
requirements.

Mungo and shoddy yarns are produced from the materials
resultant from the grinding up of worsted and woollen cloths,
and to provide this material with increased spinning property
cotton fibre is often blended with it.

There are two distinct classes of silk yarns, 7.e. (a) pure
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or net silk, (b) spun silk. Net silk yarns are constructed
from fibres reeled straight from the cocoon, whereas spun
silk yarns are produced from the shorter fibres, obtained
from damaged cocoons, which are prepared and spun in the
ordinary manner.

Yarns are classified, according to the method of their
employment in weaving, as warp or weft; according to the
mode of preparation, as bleached or unbleached, dyed or
undyed, printed, dressed and loaded yarn; and by the way
they are made up for use, in cops, conets, bobbins, hanks or
balls, etc. ,

The union of several threads constitutes a ‘‘ twist,” which,
apart from its use as a warp in weaving, finds employment
for sewing, knitting and embroidery purposes. According
to the number of the threads taken, we have two-fold,
three-fold twist, and so on, but it is seldom that the number
exceeds eight. For cords, ropes and cables, however, several
strands of twist are frequently joined together by twisting.

Distinction must be drawn between the ¢ twisted”” yarn
produced by tightly twisting together the individual threads
and the ‘doubled” yarns, consisting of slightly twisted
twist.

A spun thread is perfect when its diameter is regular
throughout, i.e., free from knots or weak places, with the
proper degree of twist and resistance to breakage, the sur-
face being rough or smooth according to the material, method
of manufacture, and its intended use.

The examination and testing of a yarn must therefore
extend to the following considerations :—

1. The microscopical and chemical examination of the
raw material. According to the result of this the quantitative
estimation of the individual threads of mixed yarns is pro-
ceeded with ; and, in the case of silk, the amount of loading.

2. Determination of the  number "’ of the yarn. In many
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cases a comparison of various yarns ensures sufficient
accuracy.

3. Measuring the length of yarn in the hanks, cops,
bobbins, balls, ete.

4. Testing the twist of the thread. The degree of twist
is a definite quantity dependent on the fineness of the yarn,
the length of the fibres, and the use of the yarn (i.c., as warp
or weft).

5. Examination of the external appearance of the yarn;
whether a sleek, smooth worsted yarn, or a more fibrous
woollen yarn ; a wet or dry-spun flax yarn; whether evenly
spun, and whether the threads have been singed, or smoothed,
or sized by machinery, etec.

6. Testing the breaking strain and'stretch of a yarn.
These properties, depending on the strength and length of
the fibres, as well as on the degree~ of twist, were in the past
frequently tested merely by hand, but the end is more
satisfactorily attained by the use of the dynamometer.

7. A knowledge of the percentage of fat is, as a rule, de-
sired only in the carded and “ artificial ” wool yarns.

8. Estimation of the degree of moisture (hygroscopicity).
This test, once performed almost exclusively on silk, is now
employed in connection with woollen and worsted yarns as
well.

I. MICROSCOPIC EXAMINATION OF TEXTILE
FIBRES.

THE MICROSCOPE : ITS PARTS, MANIPULATION AND TESTING.

For examining the yarn with a view to detecting the raw
materials from which it has been spun, the so-called com-
pound microscope is employed. This consists principally of
a tube closed at the upper end by a large, and at the lower
end by a smaller, glass lens, with different focal lengths.
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An object may be examined under a lens in two ways:
either by bringing it within or beyond the focal length of the
lens. In the former case, as is seen in the simple magnify-
ing glass, an enlarged picture is obtained on the side next
the object ; but when the latter is at a distance greater than
the focal length, the enlarged picture is formed in an in-
verted position on the opposite side of the lens. In the
compound microscope both these conditions are combined,
for the purpose of obtaining a very high power of magnifi-
cation.

Of the two lenses referred to as terminating the micro-
scope tube, the larger one with the greater focal length is
placed next the eye and the smaller one of lesser focal length
nearest the object. The latter is therefore termed the ob-
jective and the former the eye-piece.

Eye-piece and objective are fitted in a tube some six to
seven inches in length, capable of vertical movement, and
blackened on the inside to exclude extraneous light. The
object is first observed at a distance greater than the focal
length of the objective, which for this reason is kept very
small, whereupon an inverted magnified picture is projected
at a certain distance inside the tube. At this place an annular
diaphragm is inserted in the tube in order to limit the field’
of vision and exclude the circumferential rays tending to
diminish the clearness of the picture. The length of the
tube is so calculated that this picture falls within the focal
length of the eye-piece at the upper end, whereby a re-
enlargement of the picture is effected. The total magnifying
power of a microscope is therefore the sum of the powers of
the objective and the eye-piece.

To ensure clearness (definition) of the picture it is
advisable to produce magnification chiefly by means of the
objective. The latter is, as a rule, composed of several
achromatic double lenses, the eye-piece consisting of a system
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composed of the true ocular lens and a collecting lens, the
object of the latter being to enlarge the field of vision and
increase the definition of the picture, even though the size of

F16. 1.—Microscope for laboratory and Fia. 2.—Microscope with mi-
technical purposes, with rack and pinion ‘crometer screw fine adjustment.
adjustment. Cylindrical sub-stage diaphragm.

the latter be simultaneously reduced. Were this lens not
employed a portion of the rays proceeding from the picture
would escape the eye-piece. '

The tube carrying the eye-piece and objective can be
raised and lowered by the hand (though for beginners the
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rack and pinion motion is more certain) to regulate the
coarse or approximate adjustment, whilst the fine adjust-
ment is effected by the so-called micrometer screw. On the
stand is fixed an arrangement for supporting the stage, as
well ag one for supplying the necessary light to the object
under examination, viz., the sub-stage condenser, a small
circular concave reflector, movable in any direction. The
stage i1s pierced with a small circular aperture for the
passage of the reflected light, and-may be either fixed or

F16. 8.—Revolving carrier (nose-piece) for two objectives
to serew on to the body.
movable. The concentration of the light rays and the
cutting off of thescircumferential rays is effected by a re-
volving metal diaphragm fitted ;below the stage and per-
forated by several apertures of different diameters, their centres
being equidistant from that of the diaphragm. For higher
powers a cylindrical diaphragm is employed, consisting of
a hollow cylinder, blackened on the inside, and affixed to
the aperture in the stage. The best source of illumination
is diffuse daylight with a sky evenly covered with a white
veil of clouds. For evening work it is advisable to employ
a glass bulb filled with a dark blue solution of ammoniacal
copper oxide interposed between the source of light and the
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condenser.! A solid foundation is afforded the microscope
by making the base of the stand in the shape of a horse shoe.

‘When an object is to be examined by objectives of various
powers in succession, use is made of a revolving objective-
carrier or nose-piece screwed on to the lower end of the
body tube, this arrangement facilitating the rapid change of
powers.

The picture produced by the microscope must be very
clear at the edges; the structural relationship of the details
of the object should be well defined (analytical power), and
the magnifying power must not be too low. This latter
faculty can be easily measured by observing a very fine scale
(e.g., a millimetre graduated to 100 divisions) on a glass slide
under the microscope. This task will, however, have
already been performed by the maker of the instrument, and
will be denoted in a suitable manner by means of letters and
figures on the objective and eye-piece.

The eye-pieces are numbered 1 to 5 :—

Number of eye-piece - - 1 2 3 4 5
Focal length in mm. - - | 50 40 30 | 25 20
Magnifying power 3 4 55 ‘ 7 9

The objectives are marked with letters : —

@, ay, a, aa, A, AA, B, C, D, DD, E, F, etc.

The medium objectives of a focal length between 18 and
4'3 mm. are constructed with larger (indicated by double
letters) or smaller apertures, the former indicating greater
analytical power.

The linear magnifying powers of the objectives in combi-

! Translator’s Note.—The various incandescent gas lights give a very good
white light for microscope work.
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nation with the eye-pieces are given (for 160 mm.—6% in.—
tube) in the following table :—

l Objective. ) Focal
Eye-piece. Eye-piece. | Length
{ 2 3 4 5 in mm.
a, 7 S0y [ 20 -— a, 40
Ly 11| 16| 23 30 — [ 35
ag 20| 30 | 40 50 — ag 30
aa 25 | 85| 47 60 77 aa 26
4,44 37| 50| 70 90 | 115 4, A4 18
B 60| 85| 115 | 145 | 185 B 12
C 105 | 145 | 200 | 265 | 325 c 7
D, DD 175 | 240.| 825 | 420 | 540 | D, DD 4-3
E 280 { 390 | 535 | 680 | 865 E 2-7
F 415 | 585 | 790 | 1000 | 1275 F 1-85

The power of each combination can thus be seen at a
glance.

In judging the quality of a microscope the magnifying
power is not the sole consideration, the most important
being the capacity of the lenses to produce a sharply
defined and clear picture plainly showing all details of
structure. The testing of the instrument is performed by
examining sundry test objects, such as small parts of
animal or vegetable organisms prepared in a suitable manner.
For low powers grains of potato starch suspended in water
or glycerine form a suitable test object. The individual layers
of the grain arranged around the eccentric hilum must be
clearly revealed in sharp, bold and delicate outline. For
testing higher, and the very highest powers, the wing scales
of the butterfly (Hyparchia janira) and the siliceous plates of
an alga (Pleurosigma angulatum) are most frequently em-
ployed.
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(@) Hyj)archia, Jjanira—The scale is rectangular in shape,
with three broad points at the upper end, the surface being
covered with 22 to 24 longitudinal striations.

Fie. 4.—Hyparchia japira. Secale of butterfly wing. Test object
for all systems.
Even with a magnifying power of 300 times, a large num-
ber of very delicate cross stripes can be observed between the
striations.

Fia. 5.—Pleurosigma angulatum. Test object for the analytical power
of medium and high powers: 200-400; 400-800 times.
(b) Pleurosigma angulatum.—Thesiliceous skeleton of this
alga exhibits a central ridge. The first indications of mark-
ings become apparent with a magnifying power of 200 to 250

.
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times, and with a 300-power the markings are well defined
and three systems of striation are recognisable. When the
power is increased a number of laterally arranged hexagons
are revealed.

Supplementary Apparatus to the Microscope.—For micro-
scope work various additional appliances are frequently
required :—

(@) The Dissecting Microscope.—This arrangement consists
of a stand on which is mounted a simple lens. At a distance
equal to the focal lens of the glass is situated a stage for

F1a, 6.—Camera lucida.

supporting the object to be dissected, which, with the as-
sistance afforded by the low-power lens, can be treated with
small needles and knives, and prepared for examination
under the large microscope. The necessary light is reflected
by a small condenser below the stage. When the operator’s
eyesight is good this apparatus may be dispensed with. In
dissecting yarn a sheet of black glazed paper is spread on
the work-table, the tiny fibres being more plainly visible and
more readily seized on such a background.

(b) The Camera Lucida.—Various appliances have been
constructed for copying microscopic pictures, by projecting
the image, by means of glass prisms (Fig. 6) or reflectors
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(Fig. 7), on to an adjacent sheet of paper, so that the out-
lines can be reproduced by pencilling. It is necessary to
have the paper on a level with the microscope stage. Ap-
paratus with this object have been designed by Wollaston,
Nobert, Sémering and others, those in the appended illus-
trations being, respectively, the camera lucida and the Abbe
apparatus. To obtain pictures free from distortion it is
necessary that the drawing surface should be inclined at an
angle of 25°.

(¢) The Micrometer.—Various methods are adopted for
measuring the diameters of fibres, the simplest being the

Fic. 7.—Abbe’s drawing apparatus. ,

glass micrometer, a fine scale engraved on glass. The
measurement is performed either on the object itself (objec-
tive micrometer) or on the image (ocular micrometer). The
former consists of a glass slide on which is engraved a mil-
limeter graduated into 100 equal parts, each of which 1s
termed a micromillimeter (I mmm. or ¢ = 0001 mm.). A
useful form is the ocular micrometer, which consists of
either an arbitrary scale or of 1 centimetre divided into
100 parts (or 4 cm. with 50 divisions). In the former
event, the value of the scale must be ascertained by com-
parison with an objective micrometer, which is laid on the
stage, whilst the ocular scale is inserted in the diaphragm of
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the eye-piece to determine how many of the divisions of the
latter scale coincide with those on the former.

The Polarising Apparatus.—This apparatus is advisable for
use in the microscopic examination and differentiation of the
various kinds of silk, and probably for vegetable fibres as
. well. It consists of two parts: a prism (the

polariser), which is placed below the object

puputuitaily’ | on the stage of the microscope and allows

/ only straight rays of polarised light to pass

> from the reflector through the object; and

Fia. 8.—Ocular & second prism (the analyser) placed above

micrometer. the object—preferably on top of the eye-

piece—and serving to analyse the rays of light transmitted

through it. In employing this apparatus only very low
powers are used.

Making the Preparations.—Yarns to be subjected tomicro-
scopic examination are first of all dissected into their individual

Fic. 9.—Polariser. To be suspended in the illuminating apparatus.

fibres after removal by suitable means (referred to later) of all
dirt, colouring matter, etc., so that the passage of the light
will be unrestricted. It is advisable-to immerse the object in
water, or, better still, in a liquidlike glycerine or Canada balsam
which will increase its transparency. A preliminary macera-
tion of the fibres by prolonged boiling in water is very
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advantageous, and, in the case of vegetable fibres, boiling for
a few seconds in nitric acid containing a little potassium
chloride is recommended. The fibres are then laid on a glass
slide (1 x 3 ins.) separated one from another, but arranged
side by side, and covered with a small circular or square
cover glass (15 to 24 mm. in diameter and 015 to 020 mm. in
thickness). To permanently preserve the preparation a drop
of glycerine jelly is laid on the slide before applying the
cover glass and warmed siightly by means of a lighted match
held a little way below the cover, whereupon the liquid dis-
tributes evenly, and after gently pressing down the cover
glass the whole is set to cool. The edges of the cover glass
are coated over with black varnish. The subsidiary instru-
ments used in these operations consist of small knives
(scalpels), needles, lancets, forceps and scissors.

Preparing Sections.—1t is very often important to prepare
sections in order to differentiate, for instance, between mature
and immature cotton fibres, ete. To this end a number of
the fibres are arranged parallel and embedded in melted
tallow or paraftfin, or a_small bundle of the fibres can be im-
pregnated with a thick solution of gum containing a little
glycerine, the dried mass being firmly bound between two
corks and a thin section cut by means of a smooth ground
razor in a direction at right-angles to the axis of the fibres.
A special apparatus known as the microtome, in which the
knife moves in a guide frame and cuts the preparation
through at an acute angle, is also used.

The small sheet of paraffin is transferred to a slide, and,.
after being slightly warmed, the matrix is removed by tur-
pentine or benzol. If the section is hot sufficiently trans-
parent it is steeped in glycerine, carbolic acid, etc.

The Microscopic Examination.—The simplest and best ex-
amination is performed by the microscope alone; in case of
doubt a microchemical test is also introduced, by admitting
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one or two drops of certain liquids under the cover glass
and observing under the microscope the reactions ensuing
thereon.

In examining undyed fibres it is advisable, as already
mentioned, to previously steep or boil them in water, or
if, as in the case of wool, the fibres are contaminated by
adherent fat, to remove the latter by boiling with alcohol
or treatment with ether, carbon bisulphide, ete. Suitable
reagents for increasing the transparency should also be
used.

In the case of coloured fibres, the dressing and colouring
matters should be removed by boiling in an alkaline or weak
acid bath, or by extraction with alcohol, ether, etc.

1. WOOL.

There are but few animals whose hairy covering finds
employment in the textile industry. The largest quantity is
obtained from the sheep, the yield from the Angora goat
(mohair) and alpaca’ playing a subordinate part. The
dimensions of the wool fibres vary not only in different
animals, but also in the different parts of the body of the
sheep. :

Generally, wool is tubular, frequently curly, containing an
internal medullary substance, and presenting a more or less
scaly appearance on the outside. Underneath the scales is a
layer of fibrous texture, frequently very faint, so that it is
difficult to detect, especially when the medulla is strongly
developed.

The sheep produces two kinds of wool, the very crimpy
wool, and a long, comparatively straight fibre, but it is only
in the ordinary native sheep and a few rare varieties of goat
that both classes are present together—a long coarse upper
fibre and a much finer and shorter body fibre (down). Other-
wise the body is covered entirely either with curly or smooth
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wool alone. The fineness of the wool in the higher races of
sheep varies in different parts of; the body, but the wool
displaying the greatest degree of crimpiness has the highest
spinning property, and therefore from this the finest,
strongest and most durable yarns are produced.

Fic. 10.—Micrograph of merino wool fibre.

In the examination of wool these differences must be
borne in mind. The wool consists either—

(@) Of pure crimpy wool, from the merino and allied races
of sheep, such as the South Down, Hampshire Down, Electoral
and Negrettir sheep ;
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(b) Of pure sleek hair, e.g., from the English Cheviot
(Leicester breed); or

(¢) Of a mizture of both kinds : ordinary native wools, such
as native Australian, German, Russian, South American,
ete., wool.

F16. 11.—Micrograph of medium crossbred wool fibre.

In cross-section, wool is mostly circular, whereas that of
the hairs of furred animals presents the appearance of a
flattened ellipse.

As already indicated, three layers are dlstmgulshable in
the fibre of wool :-—

(1) The upper layer of scales (particularly characteristic
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of sheep’s wool), overlapping like roofing tiles, and arranged
with more or less regularity, according to the fineness of the
wool, surrounding the circumference to a greater or less
extent, and finally either plain or exhibiting longitudinal
striations, these being especially visible in wool containing no
medulla. The scales show up plainly when the wool is
treated with ammoniacal copper oxide or chromic acid. The
finer the scales, and the greater the number of serrations
observable on the surface of the fibre, the better is the
spinning property of the wool.

(2) Underneath the scales rests the true fibrous material,
generally colourless but sometimes also coloured, which, in
the case of shoddies—from which the scales have been worn
by previous treatment—makes its appearance on the surface
and is then characteristic (see later).

(3) The medullary matter which fills the central portion
of the tube and, especially in beard hairs, appears in more or
less insular masses, but is lacking in the finer grades of wool.
Under the microscope this matter is dark, but may be ren-
dered transparent by boiling the fibre in glycerine and oil of
turpentine.

Chemically considered, wool consists of keratin (horny
matter), but also contains, in addition to carbon, oxygen and
hydrogen, about 17 per cent. of nitrogen and 5 per cent. of
sulphur. This composition is strikingly revealed, on com-
bustion, by the peculiar unpleasant smell of horn, which
distinguishes wool from cotton.

On this account the chemical reagents employed in testing
wool differ considerably from those used for vegetable fibres.
Boiling caustic potash or soda dissolves the fibre very readily ;
if acetic acid be added to this solution, sulphuretted hydrogen
is evolved and a precipitate formed. Concentrated sulphuric
acid leaves the fibre unaltered a short time, merely loosening
the scales, but dissolves it fai;ly quickly to a reddish-brown
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solution on boiling; and hydrochloric and nitric acids also
dissolve wool.

(a) SHEEP’'S WooL.

This wool is generally white or yellow, rarely black, in
colour, from 1% to 12 inchesin length and between 14 and 60
w in diameter, the length and fineness of staple and the form
and number of the crimps forming the basis of commercial
classification. Sheep’s wool is distinguished from all others

Fia. 12.—Magnified fibres of wool: @, merino; b, Leicester
(beard hair) ; i, medullary cells.

by the quantity of scales, and these are more strongly and
regularly developed in proportion to the fineness of the wool.
The outer circumference is generally toothed. In the finer
wools the edge of the scale extends over the whole width of
the fibre, and the medullary substance is lacking, whilst in
_coarse wools the scales are small and irregularly placed, and
the medulla appears in the form of long or rounded islands.
The wool fibres are of equal diameter throughout their entire
length, lamb’s wool alone tapering off gradually to a point.
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In tanner’s wool, obtained by un-hairing fells, as also in
glover’s wool and all wool from dead sheep, we usually find

Fra. 13.—Micrograph of English Lincoln wool fibre.

a mixture of various classes of wool, frequently containing
particles of lime as an impurity. Very

often the roots of the hair are present, @ G O
and are readily distinguishable by their 0 0
oval form; the wool itself is particu- @

3 2 : Fic. 14. — Cross-section
larly brittle a,.nd 1s therefore only suit- P i
able for spinning along with sound wool.
Microchemical Reactions.—Ammoniacal copper oxide pro-
duces considerable distension and brings the scales into view.
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Concentrated hydrochloric acid and sulphuric acid'gradually
dissolve the wool, with red coloration ; nitri¢ acid dissolves it
with difficulty, producing a yellow coloration ; and cupric or
ferric sulphate dyes the wool black.

Fia. 15.;BIicrograph of mohair fibre.

(b) MOHAIR.

The hair of the Angora goat has a silky lustre, is ex-
tremely fine and smooth, of considerable length, and but
slightly, if at all, curly. The scales, which are regular and
surround the entire hair, are only discernible under very
close examination. The length of the hair is from 4 to
6 inches, and the width 26 to 30 u. The fibres appear to
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be free from!.medullary substance, except in very thick
individual -hairs, where it shows up decidedly in the form
of a central canal occupying about one-half the entire
diameter. This hair is characterised by fine, regularly
arranged fissures in the fibre, which also appear as fine
dots on the surface.

(c) Arraca.

The long, soft, silky hair is naturally white, grey, brown
or black, 4 to 6 inches long and 20 to 34 x wide. The lustre
is inferior to mohair, the scales extremely fine, or more often
absent, whilst, on the other hand, longitudinal lines and small
elongated islets of medullary substance are visible. This fine
wool should not be confounded with alpaca shoddy.

The following kinds of hair are of minor importance :—

Cashmere or Thibet Wool.—The hair of the Cashmere goat
consists of a fine soft down and a sleeker, long beard hair,
the former exhibiting scales without any medullary sub- .
stance, whilst the latter is very decided in the beard hairs.
The down is 1} to 3% inches long and 13 u wide, and the
hair 34 to 44 inches by 60 to 90 u.

Vicuiia Wool.—The pure vicuila wool (which should not
be confounded with the artificial product of the same name)
1s obtained from South America, and is rarely met with in
commerce. It is very soft and delicate, of a reddish-brown
colour, and resembles alpaca. In this case also there
are two classes of hair: the fine under hair and the coarse
upper or beard hair, the first-named being covered with
regular scales and generally free from medulla, whilst in
the latter the medullary substance is strongly developed
and dark in colour, frequently divided by lighter central
stripes. The edges of the scales are much less distinct
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than in sheep’s wool. The under hair is from 10 to 20,
and the upper hair about 75 p wide.

Liama Wool.—The upper hair of the llama also exhibits
a strongly developed insular medullary substance without any
scales being detectable. In the under hair the scales are
more faintly developed than in vicufia wool, but both upper
and under hairs show longitudinal furrows. The former is

150 and the latter between 20 and 35 u
wide.

Camel Hair—The camel yields a
very fine reddish or yellow-brown under
hair, which is used, among other purposes,
for making Jager’s normal cloths, the
coarser hairs being employed for mak-
ing carpets, coverlets, etc. Both upper
and under hair exhibit faint scales, but
strongly developed longitudinal furrows.
The medullary substance always appears
in the upper hair, but not so decidedly as
in the case of vicufia and llama hair,

" whereas in the under hair it is either
wanting or appears, though rarely, in in-
sulated masses. The under hair 1s 14 to
28 u wide, and the upper hair 75 p wide.

Hare and Rabbit Fur —The hairs are
brown to black in colour, 4 to 1 inch long,

and 76 to 100 x wide, tapering out to a single fine point.

The medullary canal is very regular and composed of several

rows of cells, so that this hair can readily be distinguished
from all others under the microscope.

Horse Havr.—This consists almost exclusively of main and
tail hairs, chiefly white and black. The hair is very long
and ranges in diameter from 90 to 250 u, the strongly de-
veloped medullary canal being highly characteristic.

i I
Fr1a. 16.—Camel hair.
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Cows’ and Calves’ Hair.—Cows’ hair from Siberia (chiefly)
1s used nowadays in the production of carpet yarns. The
colours are preferably white, reddish or black, and with a
dull lustre. The medullary canal occupies 4 to 4 of the
total diameter.

2. VEGETABLE FIBRES.

The vegetable fibres employed in industrial processes differ
considerably in point of anatomical structure. Those belonging
to the group of plant hairs are almost exclusively seed hairs,
or the hairy covering of the skin of the seed. Such are: cotton,
bombax fibre and vegetable silk (Asclepias). Many fibres
are composed of the vascular bundles of the leaves, stems or
roots of monocotyledonous plants, such as New Zealand
flax, Manila hemp, etc. Most frequently, however, the
bast fibres of dicotyledonous plants, such®as hemp, flax,
jute, China grass, etc., are utilised.

Plant hairs exhibit (apart from branchings) only a single
apex of variable shape, and always appear to be coated ex-
ternally with a thin skin or cuticle, which remains undis-
solved when treated with sulphuric acid. The cell walls may
be thick or thin, structureless, porous, or reticulated. The
chief content of the hollow interior, or lumen, consists of air.
Frequently the hair is flattened in a band, so that the
lumen is almost mil. The cross-section is also highly
characteristic.

Bast fibres are composed of enclosed tubes with pointed
ends, mostly with stout walls and of rounded or elongated
cross-section. The inner wall is often covered with a
very thin layer of strongly adherent dried protoplasm, but
well-defined pores are rare. Highly characteristic are the
so-called dislocations or tubercles, which, by their property
of becoming more intensely coloured than the rest of the
fibre when stained with iodochloride of zinc, can be readily
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detected. The terminals of the bast fibres are sharp pointed
or blunt, simple or with branching points, thin or thick
walled, ete.

The subjoined table affords a survey of the length of
various fibres and the ratio of length to breadth in the
cells :— ;

oo LeugtEE];)f Length of Maximum Width of Cells.
S Crui(}lecull res | the cells in Extreme Usual
. o Limits m w. | Width in .
Cotton : .
Sea Island (Gossy-
pium barbadense) - 4-05 4-05 19-2—27-9 252
Bengal (G. herba-
ceum) - - - 1-82 1-82 11-9—22°0 189
Indian (G. arbo- 20°0—37-8
reum) - - - 2-50 250 . 299
Flax - - - 20—140 2:0—4-0 12—25 16
Hemp - - -| 100—800 | 08—41 16—32 20
Jute - - - - 150—300 0-8—4-1 16—32 20
Nettle - - - — 80 16—126 —
New Zealand Flax - 80-110 2:6—56 8—29 -

The chief chemical constituents of all these fibres are
cellulose and woody fibre, the former constituting the principal
bulk, whereas the latter, which reduces the value of the fibre,
is not contained in all. TIts presence is determined by the
following colour tests: Aniline salts, golden yellow ; phloro-
glucin and hydrochloric acid, red; indol and hydrochloric
acid, or phenol and hydrochloric acid, green; zinc iodo-
chloride, yellow to brown. Pure cellulose, such as cotton,
stains blue with iodine and sulphuric acid, and violet with
zinc iodochloride. The woody fibre is destroyed by bleach-
ing, so that well-bleached jute or hemp no longer gives the
original colour reactions.
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Finally, the phenomena of distension and polarisation
are investigated by the aid of the microscope.

The vegetable fibres are distinguishable from those of
animal origin by their behaviour in presence of acids and
alkalies, the former being insoluble when boiled with soda or
potash-lye, but readily soluble in sulphuric acid, and evolving
no smell of horn when burnt.

(@) CoTTON.

Cotton forms the seed hairs of various kinds of Gos-
sypium, especially Gossypium- herbaceum, G. arboreum, G.

F16. 17.—Magnified cotton fibres: ! lumen; d torsion.

barbadense, etc. The fibre is unicellular, with variously
formed apex, mostly thick walled. The diameter and length
vary with the kind of cotton, the former ranging between 12
and 35 u, and the mean length from 10 to 40 mm. Under
the microscope the fibre appears as a wide finely granulated
band, frequently twisted round its own axis (particularly
American cotton). The cell wall being very thin, the lumen
consequently appears, very large, generally about two-thirds
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of the total breadth. In spun fibres the twists are more
elongated than in the crude state.

By ‘“dead’” cotton is understood.such as has not at-
tained full maturity. Its detection is very important, since
its presence in yarn spoils the durability of the latter. It is
recognisable by the very thin transparent threads which,

9 9%
2@@®%

F1a. 18.—Sectional view of cotton fibres.

though band-shaped, are not twisted, and exhibit not the
slightest trace of lumen. The cross-section is most highly
characteristic, looking like a collapsed tube with thick walls,
an appearance (Fig. 12) which it is hardly possible to con-
found with that of the mature fibre.

WAMONZYN\D

F1a. 19.—Section of ¢ dead ” or immature cotton.

Cotton is graded in different classes, depending chiefly
upon its cleanliness and properties. The chief classes are
known as:— )

Sea Island.

3 Egyptian.
American.
Brazilian.
Peruvian.
East Indian.

The first-mentioned is the highest and the last the lowest
quality. .

The lengths of the various types of the cotton fibres vary
from an average of half an inch in the East Indian type to 2
inches in the Sea Island quality, whereas the diameter of the
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East Indian fibre is about three times that of the Sea Island.
The twists on the cotton fibre become more irregular and de-
crease in number in proportion to the shortness of the fibre,
and increased thickness of the cell walls and diameter of the
cavity. It is almost impossible to ascertain the average
twists on the various types of cotton, but it is estimated that.
there are 300 in Sea Island cotton fibre to 150 in the East
Indian. Hence it is evident that the spiral markings of the
latter will be of a different character and much more evident.
than in the former type of cotton.

When cotton fibre is treated with ammoniacal copper
oxide it exhibits a remarkable distension, and, finally, solu-
tion of the cellulose, only a ring of cuticle, or thin skin
covering the cell wall, being left behind. This integument is.
thinner in the finer varieties of cotton than in other kinds.
In well-bleached fibres distension may not occur, and the:
skin may be altogether lacking; in any case, a concentrated
solution is necessary for the production of the first-named
phenomenon.

Microchemical Reactions.—Iodine and sulphuric acid stain
the fibre blue; madder tincture, red; fuchsine, red, this
coloration disappearing on the addition of ammonia, and
thus affording a means of distinguishing cotton from flax.
Sulphuric acid rapidly effects solution, and concentrated soda.
lye causes a contraction of the internal space (mercerising).

() Frax, LINEN.

Flax is composed of the bast fibres of the stem of the flax
plant (Linum usitatissimum). Like cotton they consist of
pure cellulose, are of regular thickness and average 12 to 25 u.
in diameter and from 25 to 30 mm. in length. The cells are
regularly built up, cylindrical in shape with nodes arranged
at regular intervals. The nodes are stained more decidedly
with methyl violet or more deeply when treated with zinc:
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iodochloride. The cell wall is of constant thickness and
leaves but a narrow internal channel, which, therefore, appears
merely as a dark line and is in many cases undistinguishable.
The spun fibres are mostly folded longitudinally, and the
natural ends are sharp pointed and generally long drawn ont.
A characteristic appearance is afforded by the cross-section
((see Fig. 21), which exhibits a number of loosely joined, acute-
angled polygons, without any yellow circumferential stain
when treated with sulphuric acid, the lumen showing as a
yellow spot through the protoplasm. The fibre is free from
woody fibre, and swells up in ammoniacal copper oxide
without dissolving completely therein.

Microchemical Reactions.—Iodine and sulphuric acid give a
blue stain, less quickly developed than in the case of cotton;
madder tincture, orange; fuchsine, followed by a little
ammonia, gives a permanent rose coloration (distinction
from cotton); caustic soda, faint yellow stain.

Other means of detecting cotton in linen goods are
afforded by :—

(@) Treating the mixture of cotton and linen with a
solution of caustic potash (1 : 6). The flax will become more
curly than the cotton and the latter finally turns greyish-
white, whereas the flax is dyed orange colour (Kuhlmann

. method).

(b) Treating the mixture with a stronger solution of caustic
potash (1:2) by boiling for two minutes, then washing, and
drying between blotting-paper. Flax becomes a deep yellow,
cotton whitish or straw colour (Bottger’s method).

(¢) The mixture is boiled in water and then steeped in
concentrated sulphuric acid for two minutes. Cotton is
dissolved, but linen remains white and unaltered, and can be
separated by washing ‘with a weak solution of caustic potash.

(d) The mixtureis boiled in water, dried, dipped for a few
moments in thin, clear oil or glycerine and then pressed.
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Linen, by its greater capillarity, becomes transparent, whilst.
cotton remains opaque (Simon’s method).

(¢) The mixture is boiled in water, dried and dipped in a.
strong solution of common salt and sugar, the fibres being
then burned over a flame. Linen leaves a grey, cotton a
black, ash (Chevalier’s method).

(f) The mixture is dipped in an alcoholic 1 % solution of
fuchsine, washed and then laid for three minutes in ammonia..

(4 8:9;0
P Q
Jo
Fia, 21, —
Cross - sec-
tion of flax:
fibres.

Fic. 20.—Magnified flax fibres: 7 lumen; s apex;
v nodes.

Cotton remains uncoloured, but flax is dyed rose-red (Bottger’s:
method).

(9) The mixtureisdyed in an alecoholic extract of cochineal
(or madder root). Cotton becomes pale red (or yellow), but
flax is dyed violet (or orange, or red) (Bolley’s method).

(k) Cotton threads when viewed by the eye appear of
regular form throughout, whereas flax threads are irregular.
When quickly torn across, cotton threads curl up, but flax
threads remain smooth : an accurate judgment by this means.
1s, however, acquired only after long practice.
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(¢) Hewmp.

The bast fibres of the stem of the hemp plant (Cannabis
sativa) are mostly from 15 to 25 mm. long, whilst the diameter
varies from 16 to 25 u. As 1s shown by Fig. 23, the cells
are very irregular in form, being partly band-shaped and
partly cylindrical. Carefully isolated cells exhibit no parallel
striations, but these are more or less decidedly apparent in
the spun fibre, especially when stained with methyl violet.
The lumen is mostly broad and becomes linear towards the

Fi16. 23.—Cross-section
of hemp fibres.

| \
F1c. 22.—Magnified fibres of hemp.

extremity of the fibre, but the transformation is not sudden.
The cell wall is not of such constant thickness as is the case
with flax. The ends of the fibres are blunt (distinction from
flax), very thick-walled, and frequently branched laterally ;
cross stripes are frequently met with, but no nodes. The
cross-section shows the fibres attached in dense groups; the
edges. are generally rounded and exhibit a yellow circum-
ferential stain when heated with iodine and sulphuric acid.
The lumen, examined in cross-section, is not a mere dot like
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in flax, but is linear, frequently branched and irregular, with-
out any contents.

Microchemical Reactions.—TIodine and sulphuric acid give
a bluish-green or dirty yellow coloration ; aniline sulphate, a
more or less yellow colour (faint lignification); hydrochloric
acid, brown ; caustic potash, brown; ammonia, faint violet;
sulphuric acid gradually dissolves the fibres; ammoniacal
copper oxide causes considerable swelling and effects partial
solution. i

Fic. 24.—Magnified nettle fibres : a, fissures in the wall ; 7, lumen.

(d) NertLE FiBRE, CHINA GRass (Ramie).

In recent times the bast fibres of the stems of various
foreign nettles (Urtica) have been extensively emgloyed.
These fibres are generally 120 mm. long, the diameter ranging
from 25 to 110 u. When subjected to mechanical and
chemical preparatioﬁ the fibre is snow-white and highly
lustrous, but unfortunately loses this property in the spinning
process as at present practised. The cells are partly cylin-
drical, partly tubular; more rarely wide or band-shaped. The
lumen is broad and mostly measures 4 to 4 of the entire
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diameter, sometimes less but rarely more. Frequently, lines
are observed stretching across the cells, and a granular
protoplasm is usually discernible. The cell walls are of even
thickness, so that the lumen is of regular dimensions; the
extremities terminate in thick-walled rounded points and
have a linear lumen. In cross-section the fibres are seen to
be always isolated, very large, usually elongated and com-
pressed flat, with, however, an open lumen frequently show-
ing granular contents.

Microchemical Reactions—Iodine and sulphuric acid stain
blue (pure cellulose). Ammoniacal copper oxide causes great

Fi16. 25.—Cross-section of nettle fibres.

distensions but has no solvent action. Aniline sulphate
induces no change.

() JUTE.

By the term jute is understood the bast fibres of the
stems of several kinds of Corchorus, especially C. capsularis
and C. olitorius. The crude fibre has a fine lustre and is
some 140 inches long, the diameter varying between 10 and
30 u. It is usually whitish-yellow in colour but turns brown
after prolonged storage. The cells exhibit a somewhat
remarkable structure, owing to the irregular thickness of the
cell wall, in consequence of which the internal and exterior
border lines are not parallel, so that the lumen is alternately
enlarged and contracted to a faint line. In commerce,
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however, some jute fibres are encountered which do not
exhibit this variation in any remarkable degree, but a frequent
interruption of the lumen is observed. The cell wall always
exhibits considerable powers of refraction and therefore seems
to be very greatly limited by the internal space. The low
tensile strength of jute, and its tendency to ravel, are attri-
buted to the variable thickness of the cell walls.
Michrochemical Reactions. — When treated with dilute
chromic acid to which a little hydrochloric acid has been added

—sg

Fra. 27, —
Cross- section
of jute fibres.

Fia. 26.—Magnified jute fibres.

jute turns blue ; iodine and sulphuric acid give a dark yellow
stain ; aniline sulphate, a strong yellow coloration (therefore
lignification of the fibre) ; ammoniacal copper oxide’ causes
distension. )

To distinguish jute from flax and hemp the threads are
warmed in a solution of nitric acid and a little potassium
chromate, washed, warmed in alkaline water and washed
again ; when the water is evaporated from the slide a drop of
glycerine is added, and after a short time the characteristic

structure of the jute will be definable. Under the polariscope
3
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(crossed Nicol prisms and dark field of vision) jute fibre shows
a uniform blue or yellow colour, whereas linen or hemp is
beautifully prismatic. The use of phoroglucine chloride is
also advisable as a distinguishing test. Moistened with this
reagent, jute stains an intense red, flax remains uncoloured
and hemp is dyed a somewhat reddish tinge.

This terminates the description of the chief vegetable fibres
extensively employed in the textile industry, but there still
remain a few which are partly spun into yarn for upholstery
goods, etc., but for the most part find employment in the
manufacture of rope.

Manila Hemp.—The bast fibre of Musa textilis and other
varieties comes from the Fast Indies and forms the best
material for rope-making. The light coloured fibres are
hackled and spun into yarns which are used for making
market-bags ‘and similar weavings. Latterly the finer sorts
are also used as weft for coarser upholstery goods. The fibre
is from 60 to 280 inches in length, highly lustrous, smooth
and even. The diameter ranges between 16 and 27 u, of
which } to 4, and not infrequently as much as § to £, is
occupied by the lumen. The cell is of regular structure,
moderately thick and tapers gradually to a point.

Microchemical Reactions.—lodine and sulphuric acid,
golden-yellow stain; caustic soda, faint yellow with slight
distension ; ammoniacal copper oxide produces considerable
distensic;n, but does not dissolve the fibre.

Manila hemp can be distinguished from Sisal by the
colour of the ash, that of the former being greyish-black,
whereas Sisal leaves a white, and a mixture of the two sorts
a greyish-white and black ash.

New Zealand Flarx.—The bast fibres from the leaves of
Phormium tenax are worked up in New Zealand into yarn
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and cloth, or used in the crude state for making cord and
rope. The fibres vary in diameter between 8 and 29 g, the
lumen constituting 1 to % of this width and being of regular
dimensions; the ends are sharply pointed and the cross-
section circular.

Cocoanut Fibre (Coir)—The red-brown fibres constitute
the bundles of bast tissue surrounding the hard shell of the
cocoanut, and are chiefly used for making yarn mats and
ropes. The bast cells are very short, being only 4 to 1 mm.
in length; the diameter increases regularly towards the
centre, and so, in concordance therewith, does the breadth of
the lumen which occupies 4 to % of the width of the cell,
according as the cell walls are thicker or more slender. At
about the centre of the cell the inspissated layers draw to-
gether, so that the internal hollow is divided. Pores are
numerous. The fibre is from 12 to 20 x in diameter, and
round or oval in cross-sections, the latter being of a yellow-
brown colour.

Cosmos Fibre—This product (first manufactured near
Brussels), which appears from time to time under various
names, and has been recommended as a substitute for cotton,
wool and silk, consists of manufactured residues from liuen,
hemp and jute. It is most frequently spun in conjunction
with wool.

3. ARTIFICIAL WOOLS, OR RE-MANUFACTURED FIBRES.

The *“artificial ’ wools comprise the products elaborated
from old or new wool waste, or recovered from rags, and
are generally divided into the following classes :—

Shoddy and Mungo—These fibres are understood to be
the result of “pulling” or beating to pieces soft hosiery,
dress goods, and many loose types of woollen and worsted
goods. In technical terms shoddy is the product of unmilled
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fabrics; mungo is the product of all types of cloths which
have been subjected to the milling process.

Mungo is usually shorter and finer in fibre than shoddy,
because, in the first place, milled cloths are nearly always
made from the shorter kinds of wool; secondly, because the
fibres of a milled cloth are very difficult to separate from one
another. They are therefore always considerably broken in
the process of pulling. Both shoddy and mungo are rather

Fic. 28.—Shoddies.

comprehensive terms than names for any special type of
material, for both classes have an infinite number of special
divisions with different names.

Extract is another comprehensive term to indicate a
special class. It covers every type of “pulled” material
whether of milled or unmilled origin, but always indicates
that the cloth from which it came was partly composed of
cotton, this having been destroyed by the treatment which
i1s known as carbonising.

Whilst the foregoing particulars will facilitate the micro-
scopic differentiation of all kinds of vegetable fibres, as well
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as silk, from wool, it is not such an easy matter to
determine whether the wool in yarn or cloth is a pure
natural wool or artificial.

Testing.—A thread is prepared and examined under the
microscope by a low power; this will enable one to detect
wool and silk or cotton and linen if present side by side. By
now adding a drop of ammoniacal copper oxide, the silk and
cotton will be immediately dissolved, the linen more slowly,
and finally the wool will become slightly distended. For the
second test, concentrated sulphuric acid is added, whereupon
the wool is dissolved with a reddish coloration, its composi-
tion being finally ascertained by a third test.

The chief characteristic test for artificial wool is the
colour, which is seldom uniform under the microscope, even
pure white, red or green yarns always containing fibres of
different colour. Generally, coloured and plain fibres are
seen side by side, the latter being either pure white or
retaining a trace of their original colour. In the better kinds
the dyed hairs are uniform, but multicoloured in the inferior
sorts. In this examination it is advisable to warm the sample
up beforehand with hydrochloric acid, which will remove the
colour due to the second dyeing and leave the original dye
clearly exposed.

A further confirmatory test is afforded by the ends of the
fibres, these being usually unbroken in the case of natural
wool, whereas in the artificial varieties they are always
torn and ragged, the scales and medulla breaking off clean
and leaving the fibrous layer in the form of a brush.

Another confirmation of the presence of artificial wool is
given by the absence of, or at any rate the corrosion of, scales,
only traces of their existence being discoverable at the
edges ; finally, artificial wool is never so uniform in diameter
throughout the length of the hair as natural wool, the fibre
narrowing and expanding again abruptly.
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Professor Dr. Von Héhnel in his admirable work on the
microscope structure of the textile fibres ! gives the following
as the chief factors in the detection of artificial wools :—

(1) Eztraneous Fibres.—Pure textile fabrics always consist
of a single kind of fibre. In no case should a refuse wool
fibre be found in conjunction with merino fibre; nevertheless
it may happen that stubby fibres appear, though this is no

Fia. 29.—Shodriy yarns (magnified seventy-fold): W, wool; B, cotton;
L, linen ; S, silk; J, jute.

proof of an intentional admixture of inferior wool. Should
several per cents. of dyed cotton be found in a material, that
is a sure indication of the presence of artificial wool, for
it seldom occurs that good wool is adulterated direct with
cotton. Undyed cotton, unless present in any remarkable
quantity, need not give rise to suspicion. '

(2) The length of fibre is only in individual cases proof of
the presence of artificial wool; e.g., in worsteds where the
entire length of the fibre can be revealed by carefully teasing

1 Lehrbuch der Mikroskopie der Gespinnstfasern, p. 109.
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out the thread, an operation almost impossible of performance
in the case of milled cloths. The addition of very short
fibres can be detected by brushing the sample with a stiff
brush, the percentage of short waste fibres from both sides of
good cloth not exceeding 4 per cent. If more is produced
the cloth should be more accurately examined, in which case
1t is advisable to specially test the waste fibres.

(3) The thickness of the hair is a very unreliable indica-
tion; the more uniform the diameter of the threads in a
woollen cloth the better will the latter be; but only when the
differences of thickness are remarkably large can the presence
of shoddy be suspected.

(4) Hustological Properties of Artzﬁcml Wool.—Good wool
almost invariably exhibits decided scales. On the other
hand inferior wool, even on the living sheep, 1s deficient in
scales from the tip downwards, though of otherwise normal
structure. The absence of scales cannot therefore by itself
sufficiently prove the presence of artificial wool, though in
fine wools they should never be lacking: so that if a merino
or other fine wool be found deficient in scales this will
indicate the presence of shoddies, whereas in coarse wool the
circumstance would not arouse suspicion. Very curly merino
wool is apparently not so easily stripped of its scales by
rubbing, etc., as is the stout, stiff common wool, the individual
hairs of which stand out separately from the body of the
sheep. ' )

(5) The ends of the shoddy fibres, being of different form
to those of natural wool, present a sure means of identification.
In working up artificial wool the threads are always torn and
the epidermis stripped clean off along with ‘the medullary
matter, leaving the fibrous layer projecting like a brush,
especially when swollen by the aid of hydrochloric acid.
If many or the most visible ends are torn shoddy is indicated
(or mungo if the fibres are short).
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(6) The colour is an equally important proof. Many
parcels of rags are of one single colour, but for the most part
they are composed of variously coloured wools, the result
being that but very few shoddy samples are uniform in
colour, even apparently pure white, red, yellow or green
threads actually containing fibres of other colours. Therefore
if, in a yarn of any particular colour, there are found a number
of individual fibres of variable, and generally very glaring
colours, the presence of shoddies can be assumed with
certainty.

General Remarks.—When a fabric or yarn is of a brownish
or blackish-grey, and, above-all, dirty colour, and is composed
of threads of all colours, it will for the most part consist of
shoddy. If a material contains sheep’s wool and, mostly,
dyed cotton, speckled or twisted together, or contains a
whole or semi-cotton warp, a large amount of shoddy will
be present. Shoddy yarns are, especially in winter goods,
found in the under weft at the reverse side of the cloth.
Such threads are generally thicker, more tightly twisted, and
curlier (less smooth) than yarns from pure wool. Frequently
a thick shoddy yarn is found twisted with a thin strong wool
yarn.

In completion of the examination of artificial wools the
following tests, in addition to the microscopical, are now
given :—

CHEMICAL EXAMINATION.

(@) WATER DETERMINATION.

Like all other fibres, those of artificial wool are hygro-
scopic. The estimation of their water content is effected by
weighing a sample in a weighing bottle and re-weighing
after drying at 100° C., the operation being repeated until
the weight is constant. The difference between the initial
and final weights indicates the amount of water present.
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(0) EstiMaTION OF FAT.

The dried sample is freed from fat by extraction with
petroleum spirit, the fat being recovered by carefully dis-
tilling the solvent, and weighed.

(¢) EsTIMATING THE PERCENTAGE orF COTTON.

The sample from (b) is boiled for a quarter of an hour in
8° B. soda solution, whereby the wool is dissolved, leaving
the cotton fibre unchanged. This residue is collected on a
linen filter, and after washing with hot water until the
alkaline reaction disappears, is dried and weighed. If the
artificial wool contains many impurities, the sample must,
before performing this estimation, be washed with slightly
acidified water, and afterwards with pure water, to remove
the greater portion of the impurities which, otherwise,
would have been weighed as cotton. This estimation is,
however, merely an approximate one.

(d) DETERMINATION OF THE ASH.

This estimation is required but seldom, e.g., when it has
to be determined whether the waste from cloth in process
of manufacture proceeds from the shoddy used or not. In
such event by estimating the ash of the waste and that of
a sample of the shoddy the qualitative equality or otherwise
of the results will solve the question. The operation is
performed in a porcelain crucible, the sample being slowly
incinerated until carbonisation ceases, and then heated to
redness by the aid of the blow-pipe flame. The qualitative
analysis of the residue is then performed in the usual
manner.

4. SILK.

Silk is the fibre with which the larvae of various insects
surround themselves before entering the pupal stage, the
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envelope being termed a cocoon. The cocoon thread results
from the hardening of the fluid ejected from the two
secreteria of the larva; hence it follows that silk exhibits
no definite structure, but consists of cylindrical, sometimes
flattened, or, more rarely, helical (twisted round the axis)
compact threads. The colour is white, pale or dark yellow,
or occasionally reddish, the colouring matter being contained
in the external layer, so that when this is removed the silk 1s
white. :

The different kinds of silk are distinguishable by their
k-4 j

Fia. 80.—Silk fibres. Fig. 31.—Organzine silk.

diametrical dimensions, and by the more or less decided
appearance of longitudinal stripes, or by polarisation colours.
In examining raw silk it is advisable to first boil the sample
in a solution of soap.  Chemically considered, silk is com-
posed of three chief substances : —

(1) Silk gelatin or sericin (22°5 per cent.).

(2) True silk fibre or fibroin (63 per cent.).

(8) Fat, resin, colouring matter, and mineral substances

(about 2 per cent.).
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Under the microscope silk appears as a smooth (more
rarely striped) cylinder without any contents; in contra-
distinction to vegetable and wool fibres both lumen and
scales are lacking. Mostly the silk appears as a double
thread.

Microchemical Reactions—The fibre dissolves with diffi-
culty in soda and potash solutions; sugar and sulphuric acid
dissolve it with a rose-red coloration (albumen reaction),
hydrochloric acid with violet coloration. It burns in the
same manner as wool, but since the fibre contains no
sulphur, no smell of horn is evolved: otherwise it contains.
all the other elements present in wool, viz., carbon, hydro-
gen, oxygen and nitrogen.

Sink FrRoM BomMBYX MORI.

This insect produces the most valuable silk and the
greatest bulk of the so-called ‘““true silks”. The raw
fibre is either white or yellow in colour, exhibits no structure,
and is rarely striped. When treated with dilute chromic
acid, the thread assumes a fine fibrous structure. The dia-
meter of the fibres is at most 18 u. Polarisation colours are
very clearly exhibited.

CHAPPE SILK.

This product, also known as ‘“spun” silk, from silk-
spinner’s waste and from inferior cocoons, is difficult to dis-
tinguish from pure silk under the microscope. According to
Hohnel, it can be differentiated, with more or less accuracy,.
by the irregular form of the thread, and especially by the re-
markable irregularity of the surrounding envelope of sericin
or gum.

\
TussaAH SILK,

also known as “wild” silk, is grey to brown in colour, and
has a vitreous lustre. The fibres appear as double threads,
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not, however, structureless, like true silk, but composed of
2 bundle of very fine fibres (fibrillee), manifested by paral-
lel longitudinal stripes. Polorisation colours are but slightly

F1g. 82.—Tussah silk.

apparent ; the diameter amounts to 52 u maximum, the
«cross-section 1s an elongated quadrilateral, and a number of
fine and dense granules are displayed therein.

I e e < L
T D S T i (TR (VA

Fia. 88.—Loaded silk : @, with 160/180 °/,; b, with 350/400 °/, loading.

LoADED SILK.

The foregoing illustration of loaded silks is very instruc-
tive, showing, as it does, that the microscope can be of good
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service in detecting either low or high loading. In the latter
case the thread appears to be entirely surrounded by the
loading material, the rind being thicker than the fibre itself.
In the case of lesser loading, it can be seen that the colour is.
taken up by the fibre.

ARTIFICIAL SILK.

In view of the considerably lower value of the artificial
silks, such as are offered by Chardonnet, it becomes impor-
tant that we should possess means of identifying these also.
The most suitable indications are the chemical and physical
characteristics ; for example, the inferior strength and
elasticity of artificial silks, and their deficiency in the
‘“ crackling ” feeling observable in handling true sili&. When
dissolved in caustic potash they produce a yellow (pure silk
a colourless) solution, and they are insoluble in an alkaline
solution of copper containing glycerine.! These properties
render the quantitative separation of artificial and naturak
silks possible.

II. CHEMICAL EXAMINATION OF TEXTILE
FIBRES.

The textile chemist has not always a microscope at his
disposal, and he therefore has frequently to rely on chemical
reactionsalone. Occasionally the imitation in the laboratory
of manufacturing processes (e.g., carbonisation) gives inac-
curate conclusions respecting the presence of vegetable fibres
in wool. The dyer knows that vegetable fibres are not
coloured by the so-called acid dyes used in wool dyeing,
whereas other colouring matters such as the Mikado dyes

1 Prepared by dissolving 10 grms. of cupric sulphate in 100 grms. of water,
adding 5 grms. of pure glycerine and then sufficient caustic potash to re-
dissolve the precipitate first formed.
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(Leonhardt) act in a converse manner. For testing for
cotton and linen in a mixed cloth, employment is made of
fuchsine solution, followed by steeping in ammonia, which
destroys the colour in the cotton fibres, but leaves the linen
fibres dyed a pale rose colour. By using fuchsine solution
prepared according to Liebermann’s directions, wool can be
detected by the rose coloration in a mixture of wool and
vegetable fibre. Silk and wool are separated by means of
boiling hydrochloric acid, which dissolves the former, whereas
the latter merely swells up without passing into solution.
Persozobserved that silk dissolves readilyin a 60° B. solution
of basic zinc chloride, and on this circumstance a quanti-
tative method was based by Renouard.

A very simple and often sufficient means of distinction
between wool thread and vegetable fibre consists in a
combustion test, the nitrogenous and sulphurous wool
fibre evolving an odour of burnt horn and leaving behind
a characteristic nodule of ash, the operation being one of
carbonisation rather than true combustion. On the other
hand, cotton fibre burns away very quickly without the
slightest smell. Further chemical examination must, how-
ever, be made to ascertain whether the wool 1s pure or mixed
with cotton, and for this purpose strong solutions of alkalies,
which dissolve animal, but not vegetable, fibres, are used.
The mineral acids, such as hydrochloric and sulphuric
acids, behave conversely by dissolving vegetable fibres
when heated, but scarcely corroding those of animal origin.

The preparation of the test solutions for examining
textile fibres both qualitatively and quantitatively will
now be described.

(1) Ammoniacal Copper Oxide Solution. (a) Schweitzer's
method (1857).—By carefully precipitating cupric dithionate
with dilute ammonia, pale green basic cupric dithionate is
obtained, and after filtering and washing is redissolved by
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warming in ammonia. On cooling, crystals of ammonium
dithionate separate out, leaving ammoniacal copper oxide
in solution in the supernatant liquid.

(b) Bdttcher’'s Method—A glass tube, 24 x 2 inches, is
loosely filled with thin rolled copper, and after being fitted
at the lower end with a pinchcock, is filled with ammonia,
the liquid being drawn off into a glass after a few minutes
and then poured over the copper again. By proceeding in
this way for several hours a deep blue liquid, thoroughly
saturated with cupric oxide, is obtained.

(¢) Neubauer's Method.—A solution of cupric sulphate is’
precipitated by caustic soda in presence of sal ammoniac,
the precipitate obtained being, after decantation and wash-
ing on a filter, stored under water. Thesolution is prepared
by adding this precipitate to an excess of ammonia so long
as the latter will dissolve it, a deep blue solution being thus
obtained.

(dy Wiesner’s Method.— By covering copper turnings with
a 13 to 16 per cent. solution of ammonia in an open flask.

Application.—The solution dissolves cellulose (cotton)
with ease, and causes lignified fibres such as hemp to swell
up.

(2) Sodium Copper Ozide Solution. Léwe’s Method.—Dis-
solve 16 grams of cupric sulphate in 140 to 160 c.c. of water
and add 8 to 10 c.c. of glycerine (sp. gr. 1'24), mixing
thoroughly by agitation. Then add by drops, taking care
to avoid excess, sufficient cold caustic soda to redissolve the
light blue precipitate of cupric hydrate at first formed. The
filtered ultramarine blue solution will keep for a long time if
properly stoppered.

Use.—Silk fibre dissolves slowly in the very dilute, but
swells up quickly in a moderately concentrated solution,
and dissolves to a thick liquid when more is added. Silk
dyed black by salts of iron is imperfectly and less readily
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soluble. On the other hand, if such silk be immersed for
some time in a solution of potassium or ammonium sul-
phide, washed, and the iron sulphide removed by dilute
hydrochloric acid, the solution in the sodium copper sulphate
is more readily affected, and the same object can be accom-
plished by a preliminary treatment Wlth zinc and dilute
hydrochloric acid.

(8) Ammoniacal Nickel Solution.—25 grams of crystallised
nickel sulphate are dissolved in 500 c.c. of water, and
nickelous hydrate thrown down by caustic soda. After
washing, the precipitate is redissolved in 125 c.c. of concen-
trated ammonia and 125 c.c. of water.

Use.—This liquid dissolves silk immediately, but reduces
the weight of linen and cotton by only 0'45 per cent. and
pure wool by only 033 per cent.

(4) Zince Chloride Solution.—According to Persoz a con-
centrated solution of sp. gr. 1'7 (= 60° B.) is used. Elsner
prepares a basic solution by dissolving 1,000 grams of dry
zince chloride in 850 c.c. of distilled water and adding 40
parts of zinc oxide. The sp. gr. of the solution is 1-65.

(5) Zodine Solution.—Hdohnel’s recipe preseribes dissolving
1 gram of potassium iodide in 1,000 parts of water and add-
ing thereto iodine in slight excess. A more concentrated
solution is prepared by dissolving 8 grams of crystallised
potassium iodide in 60 c.c. of water and adding 1 gram of
iodine, the resulting dark brownish-red liquid being diluted,
as required, by the addition of distilled water. It is advisable
to prepare the solution shortly before use.

The simplest way to bring about the iodine reaction in
preparations under a cover glass in water is by introducing a
fragment of iodine.

The sulphuric acid employed in connection with this
reaction consists of 3 parts of concentrated sulphuric acid,
1 part of water and 3 of concentrated glycerine.
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(6) Fuchsine Solution. Liebermann’s Method.—Caustic
soda or potash is added drop by drop to a saturated solution
of fuchsine until the latter is decolorised, the filtered solution
being then stored in a well-stoppered bottle.

Use—For distinguishing between undyed animal fibre
and vegetable fibre. If the mixed fibre be immersed in the
hot solution wool and silk will be found, on rinsing, to be
dyed red, the vegetable fibres remaining uncoloured.

(1) Aniline Sulphate Solution.—A concentrated aqueous
solution of the salt, acidified with a little sulphuric acid, is
used; or the chloride may be employed, in which event
hydrochloric acid must be added in place of sulphuric acid.

Use.—For detecting woody tissue.

(8) Phloroglucin Solution.—3 grams of phloroglucin are
dissolved in 25 c.c. of alcohol and mixed with 25 c.c. of
concentrated hydrochloric acid.

Use.—For detecting jute fibres, which it dyes an intense
red, hemp and flax being merely coloured a faint rose-red.

(9) Naphthol Solution.—20 parts a-naphthol dissolved in
100 parts of alcohol.

Use.—Characteristic colorations are produced in presence
of vegetable fibres. -

(10) Mineral Acids—Nitric acid (commercial), sulphuric
acid, 58° B. strength ; hydrochloric acid, 3 per cent. strength.

(11) Alkalies.—Soda solution, 01 per cent. ; potash solu-
tion, 10 per cent.; caustic soda solution, 7° B. (sp. gr. 1'05).

The behaviour of the various fibres under the action of
the several acids, bases and salts is given in the subjoined
tables :—
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QUALITATIVE AND QUANTITATIVE ESTIMATIONS.

(@) Detection of Vegetable Fibres in Presence of Animal
Fibres!—The following method is based on the formation of
sugar when cellulose is treated with acids. The sample must
be thoroughly boiled with water in order to extract the “ dress-
ing”. When this is done, about 0’1 gram is put in a test
glass with 1 c.c. of water and two drops of an alcohol solu-
tion (15-20 per cent.) of a-naphthol, and as much concentrated
sulphuric acid as there is liquid already. Vegetable fibres,
if present, are readily dissolved, and the liquid assumes a
deep violet colour when agitated ; wool or silk gives a more
or less yellow to reddish-brown coloration. Thymol pro-
duces a beautiful red coloration.

(b) Separation of Wool from Cotton.—The dressing and
colour being removed by boiling the sample in dilute hydro-
chloric acid, dilute lye, or by extraction with alcohol, ether,
etc., a weighed portion is dried at 100° C., and placed in 4
parts of sulphuric acid and 1 part of water for twelve hours,
then mixed with three volumes of absolute alcohol and
water and filtered. The residue is washed in absolute
alcohol until the washings are colourless, and afterwards
with water, being finally dried and weighed to ascertain the
weight of wool present.

(¢) Separation of Wool from Cotton.—After freeing the
sample from dye and dressing as before, and washing, a
portion is dried and weighed, being then immersed in am-
moniacal copper oxide for twenty minutes, after which water
is added. The residue left after filtration is thoroughly
washed, dried and weighed, the result giving the amount
of wool in the mixture.

(d) Separation of Cotton from Wool—The cleaned, dried
and weighed sample is gently boiled for two hours in 8° B.

1 Dingler’s Polyt. Journal, vol. celvi., p. 135.
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caustic potash, then well-washed and re-dried. During the
boiling a few drops of water are added from time to time to
prevent the alkali becoming too concentrated. After drying
at 100° C. the residue is weighed, the result giving the weight
of cotton and the loss that of the wool.

Instead of potash, 7° B. caustic soda may be used, boiling
being restricted to a quarter of an hour.

(e) Separation of Silk and Wool.—These fibres may be
separated by boiling in hydrochloric acid, in which the sﬂk
is readily soluble, whilst the wool merely swells up.

(f) Separation of Silk, Cotton and Wool.—After removing
the dressing and dye, as already described, the sample is
treated with ammoniacal nickel oxide, which dissolves the
silk at once. The cotton is then dissolved out by means of
ammoniacal copper oxide, leaving the wool behind. The
treatment may also be varied by boiling the sample for two
to three minutes in 1 per cent. hydrochloric acid, after the
removal of the nickel solution, and then washing and weigh-
ing. The cotton and wool are separated by boiling in a
2 per cent. soda lye, the residue (wool) being rinsed, dried and
weighed.

(9) Separationof Silk, Cotton and Wool (Rémont's Method).
—Two samples of yarn, each weighing 2 grams, are dried,
weighed and boiled for a quarter to half an hour in 200 c.c.
of 3° B. hydrochloric acid, to remove the dressing, and are
then thoroughly washed and pressed. One sample is
immersed in a boiling solution of basic zinc chloride for a
very short time, then washed thoroughly, first in acidified,
afterwards in clean, water, and dried. The loss in weight
gives the amount of silk.

The second sample is boiled for fifteen minutes in 60 to
80 c.c. of caustic soda (sp. gr. 1'02), and then washed and
dried, the loss in weight representing the proportion of
wool. The residue is cotton, the dry weight of which must
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be augmented by about 5 per cent. to compensate for the
corrosion of the fibre during the operation.

(k) Separation of True Silk, Tussah Silk, Wool and Cotton.
—The mixture is at first acted on by boiling half a minute
with concentrated hydrochloric acid, which immediately
dissolves the true silk, the tussah silk being dissolved at
the end of two minutes’ further boiling. On treating the
residue with hot caustic potash the wool is dissolved, and
the cotton left behind by itself.

Hohnel! recommends the following method for dis-
tinguishing between true and wild silk: A saturated solu-
tion of chromic acid is diluted with an equal bulk of water,
and if pure silk be immersed in this solution and boiled
for a minute, the fibre will completely dissolve, whereas
tussah silk is barely attacked at all, even when the boil-
ing is prolonged to two or three minutes. Wool behaves
similarly to true silk. A weak solution of zinc chloride—
45° B., or sp. gr. 1'45—attacks true silk very rapidly, but
acts on tussah silk only after longer exposure, so that this
solution also may be used for distinguishing and separating
them.

(@) Detection of Flax and Cotton.—The sample threads are
dyed by immersion in alcoholic fuchsine solution (1 gram
fuchsine in 100 c.c. alcohol), then washed with clean water
until the colour ceases to run, and steeped in ammonia for
about three minutes. The linen threads will be dyed rose
colour, whereas the cotton threads will be decolorised.

For the purposes of quantitative separation the samples,
previously freed from colour and dressing by a suitable
boiling in dilute hydrochloric acid or distilled water,
followed by a thorough rinsing, are dipped for one and a
half or two minutes in concentrated (66° B.) sulphuric
acid, then rinsed out well, rubbed between the fingers and

1 Hohnel, Mikroskopie, p. 150.
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neutralised by steeping in dilute ammonia or sodium
carbonate solution. After washing over again in water
the threads are pressed between blotting-paper and dried,
when linen threads will, as a rule, be found to have re-
tained their structure, whilst the cotton has dissolved after
passing through a gelatinous stage in which it will tear
like tinder.

QUANTITATIVE ESTIMATION OF THE LOADING OF SILK.

In testing silk the question of the nature and quantity of
loading present has always to be solved, so the matter will
now be briefly discussed. Following the directions given by
E. Konigs, manager of the Silk Conditioning Institution at
Crefeld, the first thing to do is to determine the percentage
of water in the silk; then the fat, by extraction with ether ;
and afterwards the gummy integument, by boiling in water.
From the residue the Berlin blue is extracted by alkalies, re-
precipitated by acids, and the filtered precipitate calcined
with repeated additions of nitric acid. KEach part of the
ferric oxide so obtained corresponds to 1'5 part of Berlin
blue. Any stannic oxide present is also determined and
calculated as stannic catechutannate, 3:33 parts of which are
the equivalent of 1 part of oxide. The total amount of ferric
oxide is likewise ascertained and deduction made of the
quantity present in the form of Berlin blue and that
(04 per cent., or 0'7 per cent. in raw silk) existing in the silk,
the residue representing the ferric oxide in combination with
the tannic acid from catechu or chestnut extract, 1 part
of this oxide corresponding to 7'2 parts of ferric tannate.
Should ferrous compounds of this nature be present the
multiplying factor will be 51 instead of 7-2.

According to Moyret, loaded silk is examined as follows :—

(@) Moisture Determination.—In the absence of a condition-
ing apparatus it will be sufficient to dry 10 grams of silk on
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an oil bath at 120° to 130° C. and estimate the water by the
ensuing loss in weight. If this loss exceeds 15 per cent.
it may be assumed that the silk has been loaded with
hygroscopic substances.

() Soluble Loadings.—The dried silk is boiled in distilled
water, rinsed, dried and weighed. Glycerine, sugar, mag-
nesium sulphate, potassium sulphate, etc., will pass into
solution.

(¢) Benzol, or Ethereal Extract.—The silk, thoroughly
washed and dried, is extracted with ether and weighed. The
extract, being evaporated and examined, will reveal the cause
of rancidity in the silk from the use of bad oils and soaps.

(d) Action of Hydrochloric Acid.—The sample of silk is
treated for 1 hour at 30° to 40° C. with dilute (1:2) hydro-
chloric acid. If ferric tannate has been used for loading, the
reddish-yellow silk will be decolorised, and the liquid will
turn a dirty brown colour, which does not become violet on
addition of lime water. Should the reddish solution turn
violet in presence of this reagent, logwood is indicated, and
if the fibre is dark green and the liquid yellow and unchanged
by lime water, then Berlin blue may be assumed. When
the fibre is green and the liquid red, changing to violet when
lime water is added, this indicates logwood black dyed on a
ground of Berlin blue.

The iron, chrome and alumina mordants must be tested
for in the liquid.

(e) Action of Alkalies.—After the silk has been treated
as above 1t is boiled in an alkali solution, to dissolve the
tannin, which may be detected by precipitation with iron
salts.

(f) Determination of Ash.—A weighed sample is incin-
erated in a platinum crucible and calcined. If the weight is
more than 1 per cent. of the original the silk has been loaded
and the ash should then be further examined.
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(g9) Determination of the Dye Stuff.—The dye stuffs most.
in vogue are detected by the hydrochloric acid treatment.
The further consideration of this point will be resumed
later.

III. DETERMINING THE YARN NUMBER.

In comparing yarns together their thickness is employed
as a means of classification, one being  coarse,” another
“medium,” a third “fine” and so on. This method of de-
seription is, however, inexact, and it is preferable to make:
a comparison with a collection of standard “ numbers” of
yarn, by the aid of which it is easy, after a little practice, to
quickly identify the number of the yarn under examination.
More accurate comparison is then made by twisting the
sample with the standard sample, whereby it becomes evident.
to a moderately good eye whether the two are of equal
thickness or no.

The determination of the fineness of a yarn in figures is.
based upon either—

(1) A Definite Length of Yarn.—The various weights of
this standard length are designated yarn numbers. This.
method of procedure is followed, as described below, in the
case of silk, where the unit adopted is 9,600 aunes (= 11,400
metres, or 12,4674 yds.), which length being weighed gives.
the number of the yarn.

(2) 4 Constant Wetght.—In this case the various lengths
required to make up this weight form the yarn numbers.
This is the method pursued for all other textile fibres, e.g.,
cotton, wool, chappe silk, etc. Of course the numbers will
vary according to the system of weights adopted ; for example,.
if the metric system is used we have metric yarn numbers, or-
if English weights, the English system of numbers.

For numbering purposes a certain length of yarn is
wound on a reel of definite circumference, from which it is



60 YARNS AND TEXTILE FABRICS.

removed as hanks. These are divided into “lays ” (or “leas )
by means of a tie thread, each “lay” consisting of a fixed
number of threads, 7.e., turns on the reel. Rach thread is
the same length as the circumference of the reel, and, when
multiplied by the number of turns in the lay and the result
by the number of lays in the hank, we have the exact length
of yarn in the latter.

For a number of years attempts have been made to
mtroduce a uniform system of numbering yarns, but hitherto
without success. In the metric system of numeration the
number of the yarn denotes the number of metres that go to
a gram, or kilometres to a kilogram, the length of the thread
being fixed as 1,000 metres with decimal sub-divisions.

The following variations above and below the exact
standard representing the number of the yarn are allowed :—

1. Cotton yarns Nos. 1 to 10 English - - - - - 2+5 per cent.
Waste yarn, including so-called ‘‘imitation ™ yarns, up to

No.6 - - - o o o - o o R 40
Cotton yarns Nos. 11 to 20 - - - - a o 20
”» " ” 21 to 40 - o - - _ - 2+5 "
P v above No. 40 - o - - o o 30 o
2. Worsted yarn - - - - - - - - - 15 ™
3. Carded yarn o - . . N R R _ _ 95 .
Shoddy from wool . - s - . - R 40 .
4. Mixed wool and cotton yarn - - - - - - 2:5 v
,»  wool and silk - - 3 o - - - .15,
5. Linen yarn - - - - o o o S 5 25
6. Jute yarn - - - - - = 5 5 o o 30

In determining the number of bleached linen yarn, the
loss in bleaching is fixed at 20 per cent. for 4, 18 per cent.
for 4, and 15 per cent. for $ bleaching.

1. COTTON.

(a) Metric Numbers.—In this system the number of a
cotton yarn indicates the number of times 1,000 metres
(1093:63 yds.) or ™/» required to make up a standard weig I
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of 500 grams (1102 1b.). For example, No. 20 cotton yarn
is one, 20,000 metres (21,872 66 yds.) of which weigh 500
grams, or % kilo.

The following table gives the weight, in grams, of 1,000
metres of the various numbers :—

Weight Weight | Weight Weight Weight |

No. in Grims. No. in Glx'gams. No. in Grgms. No. in Grzgtms. No. in Grgms.
[ 11 500 15| 33333 | 29 | 17-241 | 43 | 11-628 85| 5-822
2| 250 16 | 31250 | 30 | 16667 |44 | 11-364 90| 5556

{ 3| 166667 ] 17 | 29-412 |81 | 16129 |45 | 11-111 95| 5268 |

41 125 18 | 27-778 |32 | 15625 |46 | 10869 J100| 5 i

5| 100 - 19 | 26316 |83 | 15152 | 47 | 10638 110 4-545 |

6 83333 | 20 | 25 34 | 14706 | 48 | 10417 ]120| 4-167 |

i 71-429 ] 21 | 23-809 |35 | 14286 |49 | 10204 |130| 3846 |

8 62:500 | 22 | 22-727 |86 | 13889 | 50 | 10 140| 8571 |

9 55:556 | 23 | 21-789 | 87 @ 18514 | 55 9091 |150| 3-333 |
10 50 24 | 20-833 38 18:158 60 8:333 160 8-125
11 45455 1 25 | 20 39 | 12:821 | 65 7692 |170| 2°941
12 41-667 § 26 | 19-281 |40 | 12500 | 70 7143 }180} 2-778
18 38:462 | 27 | 18519 |41 | 12:195 | 75 6:667 |190| 2-631
14 35714 1 23 | 17-857 42 11-905 80 6-250 §200| 2-500

The product of the number and weight is always the
same, t.e., 500, and the weight of the consecutive numbers.
diminishes considerably at first, but afterwards in descending
ratio, and almost inappreciably in the finest numbers. The
following general rules are therefore applicable to the deter-
mination of the weight and length of the threads :—

(a) The number of the yarn is obtained by dividing the
length by twice the weight, e.g. :—

‘What is the number of a thread 60 metres of which
weigh 5 grams ?—Answer : 6.

Calculation : Q—SX—O5 = ggl= 6.

(B) Given the length and number of a thread, the weight
is calculated by dividing the former by twice the latter, e.g. :—

‘What is the weight of 80 metres of No. 4 yarn ?—Answer :
10 grams.

Calculation :

< —10
3

2
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(y) The length of a thread is found by doubling the pro-
duct of the number and weight, e.g. :—

How long is a No. 12 thread weighing 5 grams?—
Answer: 120 metres.

Calculation: 2 x 12 x 5 = 120 metres.

(b) English Numbers.—This system is in use not only in
England, but, almost without exception, also throughout the
whole of Germany and Switzerland. By an English yarn
number is understood the number of hanks that go to an
‘English 1b. (453 grams).

Circumference of reel = 14 yds. (1 yd. = 0914 metre).

1 hank of 7 lays, of 80 turns, of 1% yds. each = 840 yds.
(768 m.).

An English yarn No. 20 is therefore one of which
20 x 840, or 16,800 yds. (15,360 m.), weigh 1 1b.

‘'TABLE OF THE WEIGHT OF 1,000 METRES (1,096 YARDS) OF
COTTON YARN IN VARIOUS (ENGLISH) NUMBERS.!

No. Weight in 1\;0. , Weight in No. Weight in No, | Weight in

Grams. Grams. : Grams. Grams.
14 1,476 12 492 20 295 36 164
6 984 - 14 422 24 246 40 147
8 738 16 369 28 211 44 134
10 590 18 328 32 184 50 118
No Yards | Weight per | Yards | Weight per | o ’ Yards | Weight per

* | per Lb. | 1,000 Yhs, |V per Lb. | 1,000 Yds. * | per Lb. | 1,000 Ydx.

)
|
4| 3,360 \ 4-76 oz. 16 ' 13,440 | 1419 oz. |36 30,240 | 0517 oz

' 6! 5040!| 818, |18 !15120| 1065 , |40 33,600 0-476 , |

| 8] 6,720 288 ,. 20 | 16,800 | 0952 ,, |44 36,960 0433, |
10 | 8,400 | 1-90 ,. 20,160 | 0-795 ,, | 50 | 42,000 | 080 ,, |
12 | 10,080 | 159 ,, 23,520 | 0695 ,, 5
14 | 11,760 | 1-39 ,, |32 !26,880 | 0595 ,,

1 Table of length in yards per 1b., and weight per 1,000 yards in ounces of
English yarn numbers.
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The finest number of cotton yarn is No. 240, higher num-
bers being rarely met with in commerce. The utmost
spinning capacity is about No. 300, of which 300 x 840 =
252,000 yards (230,400 m.) go to the Ib.

Beyond 20 the even numbers only are in use—24, 26, 28,
30, and so on; in the finest yarns the numbers rise by 5 and
in those above 100 by 10; Nos. 6 and 8 are the coarsest
varns. For lamp wicks Nos. 4 to 2; for tallow candles,
mule yarns Nos. 8 to 12; for wax and stearin candles Nos.
20 to 40, and for woven hollow lamp wicks Nos. 12 to 30
are used. Yarns for hosiery knitting range from 6 to 36
and mule yarns 80 to 90 are also employed.

The following particulars will facilitate comparison of
the English and metric systems of numbering :—

The French number = 0847 x English No.; the Inter-
national No. = 0423 x English No.; the English No. = 118
x French No.; the International No. = 05 x French No.

It therefore follows that when a French number is com-
pared with the English number of the same numerical value
the former is finer than the latter (see following table).

(a) COMPARATIVE TABLE OF ENGLISH, FRENCH AND
INTERNATIONAL NUMBERS FOR COTTON YARNS.

Engl. | French | Intl. Engl. | French Tntl, Engl. | French | Intl,
No. No. No. No. No. No. No. No. | No.
1l —
1=| 085 = 042|26=| 2202 [=1101| 60= l 5082 | = 2541
2= 169 | = 08 ]|28=| 2872 | =1186] 62 = 52:51 | = 2625
= 2:54 | = 1271380 = | 25441 | =127 64 = | 5421 | =271
4= 389 = 169]82=| 27110 | =1855} 66 = 5590 = 27-95
5= 424 | = 212|184 =| 288 = 144 68 = | 5760 = 288
8= 508 | = 254 |86=| 3049 | =1525]1 T0= 59°29 | = 2965
7= 593 | = 296 |38=| 3219 | =161 75 = 63:53 | = 3176
Si= 6°78 l = 389]|40=| 8388 | =1694| 80 = 6776 = 3388
i=g-= 762 | = 881 [42=| 3557 |=1779| 8= 72 = 36°
10 = 847 | = 423 |44=| 3727 | =1863| 90 = | 7623 | = 3811
12=| 1016 = 508 |46=| 3896 | =1948] 95 = 8047 = 4023
14=| 1186 = 593 |48 = | 4066 | =20'33 |100 = | 847  =4235
|16 = 1855 | = 677 | 50 = | 4235 | =21'18 | 110 = | 93-14 | = 4657
18S=| 1526 = T62]52=| 4404 | =22-02 {120= ' 10164 = 50-82
t 20=| 1694 = 847]54 = | 4574 | =22:87 | 130 = | 110°11 | = 555
|22=| 1863 = 9:31]56=| 4743 | = 2376 140 = | 11858 | = 59-29
| 24 = l 2033 =10'16 | 58 = | 49:18 | = 24°56 |
| ‘
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() COMPARATIVE TABLE OF FRENCH AND ENGLISH YARN

NUMBERS.

French. Engl. French. Engl. French, | Engl. French. | Engl.
1 1-18 11 12-10 21 | 24-8 32 37-8
2 2-23 12 14-2 22 | 26°0 34 401
3 3:54 13 153 23 27-2 36 425
4 472 14 16°5 24 283 38 44-8
5 590 15 177 25 295 40 472
6 7-8 16 189 26 307 45 521
7 8-26 17 201 27 31-8 50 59-0
8 9-44 18 2052 28 33-0 55 649
9 10-62 19 22:4 29 342 60 | 70 8

10 11-80 20 236 30 354 i

- Doubled yarns are counted in the same way as singles,
but the number of threads is given as well, e.g., for two-ply
9/, three-ply °/;, etc. In the process of doubling the
yarns lose from 24 to 6 per cent. of their length, according to
the number of threads, and become correspondingly thicker.
Yarns of more than two-ply are also known as sewing twist
(cordonnet) and cord. A dyed, singed and finished twist is
also termed lustred yarn (eisengarn).

2. LINEN YARNS.

These are divided into hand-spun and machine-spun
yarns. The length and sub-division of the hanks of the
former class are arranged according to greatly differing
systems in different countries, but the latter are for the most
part reckoned in commerce according to the Anglo-Irish
system.

Circumference of reel = 24 yds.

1 spindle, of 2 hasps, of 2 hanks, of 12 cuts (or leas), of
120 threads, of 24 yds. each = 14,400 yds. (13,167 m.).

English System : 1 threescore, of 12 bundles, of 5 hasps, of
4 hanks, of 10 leas, of 120 threads, of 2} yds. = 720,000 yds.
(656,640 m.). 'This system is also in use in the linen districts
of Westphalia, Silesia, and Saxony.
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The yarn number is expressed by the figure indicating
the number of leas that go to an English lb.; so that, since
the length of a lea is exactly 300 yards, the length of yarn
going to a lb. is found by multiplying the yarn number
by 300.

The numbers of linen yarns differ in comparison with
those of cotton yarns because the hank of cotton measures
840 yds. whilst the length of linen cuts is 300 yds. To
obtain the cotton yarn number corresponding to a linen yarn
number the latter is divided by 2'8, i.¢., linen yarn No. 28 is
the equivalent of cotton yarn No. 10. These numbers, how-
ever, represent yarns of very different appearance, the linen
looking the finer.

Linen yarns are characterised as dry or wet-spun according
to the method of spinning pursued. The former are possessed
of a greater degree of firmness, whilst higher numbers can be
obtained by wet spinning, both kinds being easily recognised
by their appearance. The tow yarns, prepared from the
waste in flax spinning, are very easily distinguished from
linen yarn, by the numerous knots, due to contained particles
of shives, which they exhibit and from which linen yarns
are free. .

In Germany flax is dry-spun to Nos. 10 to 30 yarns, and
wet-spun up to No. 80; in Belgium and Scotland up to
No. 200. Tow yarns are dry-spun from Nos. 6 to 20, and
wet-spun up to No. 35, these latter yarns being used as warp
for low-class fabrics, and when loosely spun and bleached,
as wefts for 4-linens.

Hand-spun yarn differs from machine-spun, in handling
more supple and smoother, more elastic, uneven and less
rounded in form and by not rolling up, whilst machine-spun
yarn feels stiffer and rougher, is of regular thickness and
perfectly round.

.Twist or “sewing” is the name given to yarn prepared
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by twisting together two or more threads. Iinglish and
Scotch twists are particularly firm and of fine appearance.
The chief kinds are two and three-ply from Nos. 30 to 300
varns; lacing twist, two and three-ply from Nos. 50 to 200
yarns; cord, three and four-ply twist from Nos. 25 to 80
yarns.

Of the other systems of numbering linen yarns in use
may be mentioned—

The Austrian Reel: 1 shock, of 12 bundles, of 20
hanks (strihn), of 30 leas (gebind), of 40 hasps (stiick), of
3 Vienna ells (ellen) = 864,000 Vienna ells. A hank, therefore,
contains 3,600 Vienna ells (1 Vienna ell = 0:77921 m. or
30'67749 inches). The yarn number indicates the number
of hanks per 10 English lb. (8'1 Viennese pounds).

The French Reel (partly used in Belgium): 1 shock, of
12 bundles, of 50,000 metres = 500,000 metres (546,816 yds.).
Circumference of reel, 24 metres (2'734 yds.). The yarn
number gives the number of times 1,000 metres (1,096 yds.)
going to 4 kilo. (1'102 1b.).

3. JUTE YARNS.

Three hundred yards (274'3 m.) are wound to é,lea., the
number of which in 1 lb. forms the yarn number. This
English system of flax numbers is used in commerce, but
in the factories where spinning and weaving are carried on
together the so-called Scotch system is in vogue, based on
a constant length (spindle) of 14,400 yds. (13,161 m.), the
number of 1b. weighed by this unit being the yarn number.

(a) English Numbers—In Engla,nd and Germany the
bundle of 60,000 yds. (54,863 m.) is taken as basis. The
reel circumference (thread) is 24 yds.; 15 to 120 threads
form a lea; 5 leas = 1 hank; 20 hé,nks =1 reel; 16 to 20
reels = 1 bundle.
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The yarns :—

No. 1: 1lea = 15 threads, 1 hank = 187°5 yds., 1 reel =
3,750 yds.

Nos. $-4: 1 lea = 30 threads, 1 hank = 375 yds., 1 reel =
7,500 yds.

Nos. 1-1}: 1 lea=60 threads, 1 hank="750 yds., 1 reel=
15,000 yds.

Nos. 13-12: 1 lea = 120 threads, 1 hank = 1,500 yds.,
1 reel = 30,000 yds.

So that—

No. } contains in the bundle 16 reels, 320 hanks, 1,600
leas, 24,000 threads = 60,000 yds.

Nos. $-§ contain per bundle 8 reels, 160 hanks, 800 leas,
24,000 threads = 60,000 yds.

Nos. 1-1}—Per bundle, 4 reels, 80 hanks, 400 leas, 24,000
threads = 60,000 yds.

Nos. 14-12—Per bundle, 2 reels, 40 hanks, 200 leas,
24,000 threads = 60,000 yds.

(b) Scotch Numbering.—1spindle = 8 hanks = 48leas = 5,760
threads = 14,400 yds., or 1 spindle of 8 hanks, of 6 leas, of
120 threads, of 24 yds. = 14,400 yds. .

As in the case of linens, a distinction is drawn between
jute line and jute tow yarns, the former being spun in Nos.
12 to 24, the coarser numbers from No. } onwards in tow
yarns only.

In Holland the fineness of jute yarns is given by a
number denoting the number of hectograms (1 h.g. = 0:22
1b.) weight per length of 150 metres (1644 yds.).

4. RAMIE, NETTLE FIBRE.

These yarns are numbered like chappe silk, the number
denoting the number of times 1,000 metres of the yarn
required to weigh 1 kilo. In fineness nettle yarn No. 18
equals linen yarn No. 30 and cotton yarn No. 11 (water),



68 YARNS AND TEXTILE FABRICS.

and is therefore heavier than the corresponding cotton, but
lighter than the linen thread of the same number. This
fibre is spun up to No. 250.

5. WOOL.

‘Wool yarns are divided into single and doubled yarns;
and, further, according to the kind of wool and method of
spinning into woollen and worsted yarns. Attempts have
been made to introduce a metric system of numbering both
kinds, but up to the present this has succeeded in the latter
class only, woollen yarn being still numbered according to
separate standards in different countries. Thus we have
English, French, Dutch, Saxon, Bohemian, etec., standards.
Formerly in Austria and Germany worsted yarns were reeled
in the same manner as English cottons.

(a) Metric or International System.—1 hank = 10 leas =
730 threads = 1,000 metres (10,936 yds.), or 1 hank = 10 leas
= 800 threads=1,000 metres, according as the reel measures
1-37 (53% in.), or 1'25 (494 in.) metres in circumference.

The yarn number denotes the number of times 1,000
metres ("/,,) going to 1 kilogram, e.g., No. 4 measures 40,000
metres per kilo. From this definition it follows, therefore,
that, thickness for thickness, the woollen yarn number is
double that of the cotton yarn number, ¢.g., No. 40 woollen
corresponds to No. 20 cotton yarn. The following rules are
generally applicable :—

(a) The weight of 1,000 m. of yarn is found by dividing
the number into 1,000.

(B) To find the number of a thread the weight is divided
into 1,000.

(y) The length of a thread is equal to the product of the
weight and yarn number.

To determine the weight of any given number, the table
given on page 59 may be employed, except that the weight
stated therein must be multiplied by 2, or else the weight of
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the number forming one-half of the given number is taken,
e.g., to find the weight of 1,000 m. of No. 20 wool the weight
given in the table must be multiplied by 2, or else the
number (20) must be divided by 2, 7.e., the weight of No. 10
cotton is the one sought.

(b) English System. — By the term ‘‘ count,” “cut,
“skein,” etc., the ratio of length of yarn to weight is indicated.
Usually 1 1b. (avoirdupois) is taken for the standard weight,
and the ‘‘count,” etc., indicates the length to which this
weight of material has been spun. Of the many systems in
vogue, the following table illustrates the principal methods :—

VARIOUS SYSTEMS OF COUNTING WOOL YARNS.

System and Material. | Fixed Weight. O%%lﬁlll( Examples.
Worsted - - 1 lb. 560 yds. | 10 skein = 5,600 yds, per lb.
Woollen < - 2 256 ,, (10 ,, =2560 ,, ,, ,
(@) Yorkshire skein | 1,586 yds. = 6 1b.
(b) Galashiels

(Scotch) - - | 800 yds. =2402. |200 ,, [1O0 ,, =2,000 ,, ,,
(¢) West of England 1 1b. 320 ,, |10 ,, =3,200 ,, ,, ,

(¢) Prussian System :— ‘

(a) 1 hasp (stiick) =4 hanks (zahlen) = 880 threads = 2,200
Berlin ells = 1,467 m. (1,604:35 yds.).

Reel circumference: 24 Betrlin ells = 1'666 m. (65 ins.).

(B) 1hasp = 20leas (litzen) = 880 threads = 2,150 Berlin
ells = 1,434 m. (1,568 yds.).

Reel circumference: 244 Berlin ells=163m. (64'17 ins.).

This is the Netherland system of reeling ; in the Rhenish
cloth works the following systems are preferred :—

(v) 1 hasp = 10 leas = 1,000 threads = 2,000 Brabant ells
= 1,390 m. (1,520°15 yds.).

Reel circumference: 2 Brabant ells = 1:39 m. (54% ins.).

(8) Cockerills reel (also in use in Belgium) :—

1 hasp = 2,240 Berlin ells = 1494 m. (1,634 yds.).
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The number indicates the number of hasps (stiick) going
to 1 “zollpfund” of 500 grams (1102 lbs. Engl.), Nos. 2, 3, 4,
etc., representing so many 2,200 Berlin ell (or 2,000 Brabant
ell) lengths.

(d) Saxon System :—

(@) 1 hank (zahl) = 5 leas (gebind) = 400 threads (fiden)
= 800 Leipzig ells = 452 m. (494'3 yds.).

Reel circumference: 2 Leipzig ells = 1-333 m. (44°6 ins.).

(8) 1 hank = 4 leas = 320 threads = 800 Leipzig ells =
452 m. (4948 yds.).

Reel circumference : 24 Leipzig ells = 1'412 m. (55% ins.).

(y) 1 hank=>5 leas = 400 threads = 1,200 Leipzig ells =
678 m. (7414 yds.). v

Reel circumference : 3 Leipzig ells = 1'695 m. (67 ins.).

(6) 1 hasp (stiick) =4 hanks=12 leas= 2,400 Leipzig ells
= 1,356 m. (1,483 yds.).

(e) 1 hasp = 2,200 Leipzig ells = 1,243 m. (1,359'4 yds.).

The number indicates the number of hasps (hanks) per
4 kilo.

(e) Viennese System (current in Austria):—

1 hank (strahn) = 20 leas (klapp) = 880 threads (fiden) =
1,760 Vienna ells = 1,371 m. (1,499°4 yds.).

Reel circumference: 2 Vienna ells = 1558 m. (61°16 ins.).

The number indicates the number of hanks per Viennese
1b. of 560 grams (1'234 1b.).

In Bohemia 1 hank of 800 Leipzig ells is frequently taken
as the standard of reeling, the number being based on the
English lb. of 453 grams.

Reel circumference : 2 Leipzig ells.

(f) French System :—

(a) Sedan and Neighbourhood :—

1 hank (écheveau) = 22 leas (macque) = 968 threads =
1,493'6 m. (163345 yds.).

Reel circumference: 1543 m. (604 ins.).
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of a denier or 0053115 gram—the number of gran per cut
being the same as of deniers per hank.

The single cocoon thread weighs 2 to 24 deniers; in other
silks the ‘ denier” or fineness of the silk varies between 11 and
90, i.e., a hank weighs 11 to 90 deniers. The finest organzine
silk varies between 11/12 and 22/26 ; medium from 24/28 to
28/32; those between 30/34 and 60/70 ranking as coarse.
Fine weft or trame silks range between Nos. 12/14 and
24/28 ; medium from 26/30 to 32/36, those between 36/40
and 70/80 being classed as coarse.

The above-named units of weight are fractions of the
old Parisian lb., the old Turin lb., or the weight of the old
Mailand gold mark.

Par is 1b. of 16 oz. of 24 gran = 9,216 gran, or 489-5 grams

(1-077 1b.) so that the denier = - - - 1,275 grams.
1 Turin 1b. of 12 0z. = 6,912 gran, or 363'8 grams (0 8113 1b.); d.= 1,281 ,,
1 Mailand gold mark of 8 oz. = 4,608 gran, or 235 grams

(0517 1b.); d. = - - - - - - - - 1224

Average d. = 126 gram.

Adopting this average value as a basis, the lengths of
silk per kilo are as follow :—

2 d. = 4,528,000 m. = English cotton yarn No. 2,673

4d. = 2,264,000 ,, = " 1,336
7d. = 1,294,000 ,, = - 764
10d. = 906,000 ,, = » 535~
16d. = 566,000 ,, = » 334
24 d. = 377,000 ,, = i 222
40d. = 296,000 ,, = , 184
60d. = 151,000 ,, = " 89
80d. = 113,000 ,, = " 67

Frequently the cut is made up to the round figures 480 m.
instead of 476 m., in which case the 9,600 aunes = 11,520 m.
(12,598'62 yds.).

In Ttaly cuts of 450 m. (49214 yds.) are made and
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weighed with 0°05 gram; twenty-four of such cuts measure
10,800 m. (11,811 yds.).

In France the new titre is employed, the cut being made
500 m. (54681 yds.) in length and the denier weight = 1-333
gram (0'469 oz.).

International Reel.—The International Yarn Numbering
Congress, held at Vienna in 1873, decided to fix the number
of silk as the number of grams weighed by a thread 10,000 m.
(10,936°3 yds.) in length, 500 m. (546-8 yds.) being the
unit of length and 0005 gram the unit of weight for testing
purposes.

To determine the correct titre it is necessary to wind
several skeins of the standard length and weigh them, the
average of the resulting figures being taken. It is always
customary to give the limits of variation in weight of the
individual skeins in a sample, the numbers being then
written like fractions, as above. v

For the conversion of the new titre into any of the older
standards and vice versa, all that is necessary is to multiply,
or, conversely, to divide by the subjoined figures :—

014 Turin titre - - - - 08931
,» Mailand titre - - - - 09315
,,» French titre - - - - 08964

y» Italian (also Swiss) titre - 09000

7. CHAPPE SILK.

In Switzerland and France chappe silk is reeled in
lengths of 500 m.

1 skein, of 5 cuts, of 100 threads, of 1 m. = 500 in.

The number indicates the number of skeins of 500 m.
each that go to % kilo.

In England chappe silk is reeled like cotton.

1 hank, of 7 cuts of 80 threads, of 14 yd. each = 840 yds.

The number gives the number of hanks going to 1 lb.
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(¢) Horizontal Precision Balance.—With this instrument
+o numbers can be accurately read off quickly and without
difficulty. The balance being set on a table and a screw
removed, the roller of the small balance beam is put in
place resting on the larger beam, and the skein to be
weighed is suspended on the hook B, the knob 4 being
turned until the beam moves slightly, and the notch E of

F1a. 86.—Precision balance.

the beam coincides with the notch D of the index, where-
upon the index shows on the scale the number of the yarn.
By attaching a weight on the beam of the balance the
correct number of a ten-fold length of yarn can be ascertained
with the same graduation, and by interchanging weights the
instrument can be used for various lengths of yarn. The
entire graduation can be checked by the aid of a couple of
check weights supplied with the balance.
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This method is pursued for all textile stuffs, with the
exception of silk, for which the procedure is reversed, the
scale number being divided by the length of the thread.

Fia. 88.—Steel balance,

For measuring short lengths of thread a 10 cm. rod is
supplied, on which the yarn may be also wound in parallel
layers instead of on a reel, and the skein then transferred to
the balance. In this manner the number of any yarn can
be very quickly ascertained.
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(¢) Steel Beam Yarn Balance.—By this balance also the
number of a yarn can be very quickly determined from a
definite length of thread (e.g., 10, 25, or 50 m.), and it is par-
ticularly useful for fine spins. The arrangement can be
seen from the illustration, one end of the steel beam carry-
ing a hook for the skein of yarn, whilst the opposite arm is
fitted with a sliding weight combined with a scale.

Fra. 89.—Sampling reel.
SAMPLING REELS.

In order to obtain the exact unit length of yarn for
testing, recourse is had to the sampling reel. This instru-
ment must necessarily be carefully constructed, and is there-
fore made entirely of metal. The arms require to be formed
in such a manner that bending or alteration of any kind is
out of the question. The threads are laid carefully side by
side by means of a self-acting guide, so that the circum-
ferential length is maintained unaltered throughout the
winding, and, by rendering conspicuous every irregularity,
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enables the fineness and uniformity of the yarn to be
accurately supervised. Each reel is provided with a reliable
counter and bell indicator to ensure the correct number of
turns being wound.

In order that the reeled yarn may be easily taken off, one
of the arms is made to slide upon itself, so that, when pushed
in, the yarn hangs loose; when the yarn is removed the
arm is slid back to its original position and fixed there by a
wedge.

==
=

—
= ;},—5_——5

| =5

Fig. 4).—Sampling reel.

Classification of sample reels for silk :—

For legal d. (deniers): 400 turns x 112'5 cm. circumference = 450 m.
For old Mailand
n_rs O L araphianay - 1k 13 om. - = 476 m.
5s 5 Liyons

» Dew

For international d : 400 ,» %X 125 cm. of = 5007nr.
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Classification for Floret (chappe) silk :—

400 turns x 125 cm. circumference = 500 m. (basis 1,000 m. per kilo).

Cotton Yarn :—
English System.—Basis 840 yds. = 11b. 80 turns x 7
spindles x 1% yd. = 840 yds.
French System.—Basis 100 m. = 4 kilo.
International System.—100 m. = 1 kilo.
100 turns x 7 spindles x 14286 m. circumference] _ 100
= m.
() e KOS ST (0% x 1 m. a5 j
Worsted and Woollen Yarn .—
English System :—
Worsted : 560 yds. = 1 hank. No. of hanks weighing
1 1b. = counts.
Woollen: 256 yds. = 1 hank (1,536 yds. = 6 1b.).
Old and New French Systems.—Basis 714 m. = 4 kilo.
100 turns x 7 spindles x 102 cm. circumference = 714 m.
International System.—Basis 1,000 m. = 1 kilo.
100 turns x 7 spindles x 14286 m. = 1,000 m.
1085 5 -2 k0 = x 1 m. = 1,000 m.
Linen Yarn :—
Basis 300 yds. = 1 1b. '
120 turns x 1 spindle x 2'5 yds. circumference = 300 yds.

IV. TESTING THE LENGTH OF YARNS.

Of no small importance in the purchase, sale and working
up of yarns is the testing of the length of yarn in hanks
as well as in cops and bobbins. To this end the counting
reel, shown in the annexed figure, is employed. It consists
of a train of wheels fitted in a box, in the cover of which are
situated a pair of dial plates, one for displaying (in yards or
metres) the units and the other the hundreds of the length
reeled. The indicator can, by undoing a screw, be set back
to zero, or at 100 or 1,000, so that reverging the reel is un-

necessary.
6
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For weaving purposes, however, full length can only be
reckoned upon in but few yarns, since many are reduced in
length by spooling, dyeing, bleaching, etc. In this reduction
the dye, material and twist play a considerable part; fine
and loosely spun yarns suffer more loss than stronger and
better twisted ones; dark dyes, such as brown and blue,

Fi6. 41.—Counting reel.

cause greater loss than paler colours. When the material
is of a defective composition and badly spun the reduction in
length is considerable. If spun in the raw state and then
dyed, the yarn shrinks in length more than if dyed before
spinning ; on the other hand, yarn dyed in cops and used for
weft loses less than if unwound from the cop, dyed in hanks
and then re-spooled for weaving.

V. EXAMINATION OF THE EXTERNAL
APPEARANCE OF YARN.

For various purposes the different yarns are subjected
to an examination with regard to their external appearance.
Thus a worsted yarn is required to be smooth and sleek
(Fig. 42), whilst the converse qualities are exacted for woollen
yarn, which has a rough, fibrous surface, showing the curl of
the fibre (Fig. 43). .

In the case of cottons it often has to be decided whether
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the yarn has been previously singed or sized, and with linen

Fi1e. 43.—Micrograph of woollen yarn.

yarns whether line or tow yarn is present.. The Jatter is
readily distinguished by the unequal knots (from shive
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residue) apparent in the thread, which should not occur in
line flax. It has also to be determined whether the flax yarn
has been wet or dry spun; the former being recognised by
its glossy appearance, whereas dry spun yarn—usually pro-
duced in low numbers only—is dull and lustreless. In silks,
raw, boiled, chappe and waste silk (bourette) yarns have to
be differentiated.

The yarn is moreover examined for its fineness and regu-
larity, for uniformity of thickness or alternating knots and
weak places ; for which purpose recourse is had to the instru-
ment shown in Fig. 44, the

YARN TESTER.

This consists of an iron frame carrying a guiding screw-
spindle and thread guide, the latter being moved uniformly
in a horizontal direction by means of a crank on the spindle.
The bobbin filled with yarn is placed on the latter, and the
thread passed through the upper and lower eyelets of the
guide and fastened on to the edge of a board covered with

F1G. 44.—Yarn tester.

velvet, whereupon, the crank being turned, the spindle is
moved horizontally, whilst at the same time the small wheel,
on the axis of which the velvet-covered board is mounted, is
revolved by the connecting belt at an equal rate of speed, so
that the yarn is not only wound in parallel, but also in equi-
distant layers on the board. The dark velvet cover of the
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latter shows up conspicuously any inequalities in the yarn.
The board may be removed by undoing a couple of screws in
the metal holders, and replaced by another, so that several
samples can be compared.

The yarn tester shown in Fig. 45 is arranged for two
boards side by side, to take the yarn from two bobbins
simultaneously.

Fi1c. 45.—Yarn tester.

In this test the following points have to be noted :—

In woollen yarns of equal number the thickness will vary
in different samples on account of differences in the twist, a
warp being finer in appearance than the same number and
colour of loosely twisted weft; moreover, a dark yarn will
seem to be from a half to a whole number finer than one of
white wool. Furthermore, if two yarns of the same colour,
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but made from dissimilar wool, be held in juxtaposition, a
difference in the thickness may be apparent even though they
be of the same number and twist.

VI. DETERMINING THE TWIST (TORS, DRALL,
DRAHT) OF YARN AND TWIST.

The smoothness of the fibre, 7.e., the absence of protruding
hairs, 1s, so far as the nature of the fibre permits, influenced
by the twist, increasing concurrently therewith. The
“degree of twist” is indicated by the number of spiral
turns imparted to the fibre within a given length.

The extent of the twist depends on :—

1. The fineness of the yarn : the finer the thread the greater
number of twists must it receive, 7.e., the number of twists is
in inverse ratio to the thickness of the yarn.

2. The length of the fibres : the longer they are the less
will be the number of turns required.

8. The object of the yarn: that for warps is twisted more
tightly than if intended for wefts, because it is subject to
greater tension and abrasion in the loom, whilst weft yarn
requires to be soft and pliant in order to fill the fabric and
give it the necessary closeness. Yarns for doubling are
given a slighter twist than those for weaving, and yarns for
cloth are made with loose twist so that they may form a felt
in the fulling process: and so on.

(a) CorTON YARNS.

From the subjoined particulars it follows that the
number of twists per inch can be found by multiplying the
square root of the yarn number by 38 in the case of long
staple cotton, or by 4 when short staple cotton is in question,
10 per cent. being deducted in the case of weft yarns.

In the metric system of numbering, the number of twists
per 100 millimetres of the yarn is found, approximately, by
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multiplying the square root of the yarn number by 14 fo
warps, 12 for wefts, 16 to 18 for specially hard twisted water-
twist yarns, or 14 to 16 for power-loom warps.

The following table gives the number of twists per inch
for all cotton yarn numbers :—

;. | Water Knit- | Hosiery Water Knit- |Hosiery
No. | varn. Warp. | Weft. ting. | Yarn. No. Yarn. Warp.| Wett . ting. Yarn.)
\

4
5
I 6
8
8
9

‘00| 875| 325 275 2:50 | 32| 2262 |21-23|18-40(1556| 14-15
65 | 5°30| 4°60| 3-88| 8-53 | 34| 23-32|21-86|18-94 | 16:03 | 1457
92 | 649 | 5:62| 467 433 | 36| 24°00 | 22:50|19-50 /1650 | 15-00
‘00| 7-50 6°50| 550 5°CO | 38| 2461 | 23-00|20-02 |16°94 | 15-30
95 | 8:38| 7-25| 6'14| 560 | 40| 25-29 |28-70|20°50 1740
‘80 | 9-18| 796 6-74| 6-12 | 42| 25'92 | 24-80(21-06 | 17-82
111:30 [10°50| 9-18| 7-77| 7-07 } 442652 |24-86|21-54 1823
10 | 12-68 [1184|10-27| 8:80| 790 | 50| 28-28 | 26-50 |23-00 | 1940
12 | 13-85 |12-9911:26| 9-52| 8+66 | 60| 30°97 | 2930|2516 | 21-20
14 14951400 |12-16{10-28| 9-34 | 70| 33-44 |31:35|27-17|22-71
16 !16'00 15°00(13-00 | 11-00| 10-00 | 80| 85-76 | 83-52|29-05 2458 |
18 | 16-97 |15°90(13-78 |11-66| 10-60 | 99| 87-88 | 85:51 | 30-77 | 2604 |
20 ‘17'88 16-75|14-52|12:29 | 11-18 }100 | 40°00 |37-50 | 32-50 | 27-50 I
22 | 18-80 {1762 |15-27|12:92| 11-75 |120| 43-80 |41-06 {3558 | 30-11

24 | 19-60 {1837 |15°92 | 18-48| 12-15 }150] 48:96 | 45-90 [39-78 | 33-66 | l

D O Ot O D

926 | 20-40 |19-12[16-57 [14:02| 12-75 |180| 53-64 |50-28 | 4853|3687 |
28 | 21-16 [19-84 [17-19|14'54 | 18-22 |200| 5602 | 53-02 4595|3888 |
30 |21'88 2051 |17-77|15°04| 1367 , l

The twists can be easily determined by fastening one end
of a yarn or twist thread in a vice and the other in a hand
vice so that the free length of yarn measures exactly 100 mm.
(393 in.), and then turning the hand screw, under slight
tension, in the contrary direction to the twist of the thread
until the latter is completely untwisted, counting the number
of turns of the screw. The result will be the number of
twists per 100 mm. of yarn (of course the same test can be
applied to English standards by taking a yarn measuring a
certain number of inches and dividing the result by that
number to g2t the twists perinch). The more delicate forms
of apparatus will be described subsequently.

Some spun yarns are ‘“ doubled,” 7.e., two or more threads
are united by twisting them together, the resulting thread
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being known as ““twist” or ““cord”’. The following kinds
are distinguished according to their mode of preparation and
uses to which they are put:—

1. Two-and three-fold twist for warp and weft.

Fine wefts (Nos. 80-130), two-fold for half silk.
Dyed and finished twist for half silk and ribbon.
Best twist for embroidery.

Multiple twist for knitting.

Tight and loose twists for glove making.

Cords for loom harness.

Sewing cord or twist.

9. Fancy twists, knopped, watered, glazed, and fleecy
twists for modern stuffs.

Twists that are to be soft and pliant must be dry twisted,
whereas those required to be dense and smooth must be
twisted wet. In order that the threads composing the twist
may cling closely together, they are twisted in the opposite
direction to that originally employed in spinning the com-
ponent yarns, ¢.e., whilst the spun yarns are twisted in the
same manner as a right-screw, the “ twists” are turned like
a reversed screw.

Twist should exhibit an even turn throughout and form
a slightly round and smooth thread. If an unequal tension
1s employed in the preparation it is easily detected, and such
a twist is considered as unequally twisted.

Lustred twist is two-fold sewing twist, finished with
starch and much in use on account of its strength. The
turns given per 25 mm. length (1 in.) are, for :—

S

LRSS RO

No. 16 - - 17 turns. 1 No. 40 - - 28 turns.
20 - - 20 - 60 - - 34
2 . . 22 8 - - 40
) o o @l o 90 - - 42

These twists are from one and a half to three times as
tightly twisted as the various knitting cords.
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(b)) LINEN YARNS.

On account of the length of the fibre these yarns are
twisted less than cottons. 8o, for example, Nos. 10 to 60
warp have 32 to 68 turns, whilst the corresponding weflts
have 28 to 60 turns per 100 mm. (3937 in.). The number of
turns per 100 mm. is found approximately by multiplying the
square root of the yarn number by 8 for line and 8'8 for tow
warps, and by 6'8 and 76 respectively for warps (or by one-
fourth of these figures to get the number of turns per inch).

(¢©) WORSTED AND WOOLLEN YARNS.

The twist given to worsted and woollen yarns depends on
the quality of the wool, the fineness of the yarns and the pur-
pose for which they are intended. A distinction is drawn be-
tween warp twist, medio twist and weft twist, the first named
having to be sufficiently tight to enable the yarn to stand
the tension of weaving, whilst preserving a certain elasticity.
However, an excessive degree of twist may spoil a warp yarn
for weaving purposes or for warping. Such over-twisting is
denoted by a tendency of the yarn to curl when hanging
loose in the hank. By medio twist is understood a yarn
with rather more twist than weft, but employed for the
same purpose. Weft yarn has a loose twist, which must,
however, be sufficient to enable the yarn to stand unwinding
from the bobbin.

Warp yarns are generally twisted from left to right,
wefts from right to left, and although the latter are some-
times twisted in the same direction as warps, the reverse is
preferable.

In the case of carded yarn the number of turns per 25
mm. (1 in.) is found approximately by multiplying the square
root of the yarn number by 258 for warps and 129 for wefts.
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Yarn No. Turns per 25 mm. Yarn No. Turns per 25 mm. :
(metric) | (metric)
R Warp. Weft. L |  Warp. l Weft
6 6 3 18 | 11 ! )
8 7 3+5 20 115 | 575
10 8 4 24 125 | 6-25
12 9 45 28 185 675
14 95 4-75 32 145 7-25
16 10 5 40 16 8

Woollen warps are therefore somewhat more loosely
twisted than cottons, the wefts being, however, only twisted
‘about half as much as cotton wefts. If the cloth is not to
be fulled the wefts are twisted rather more tightly than
otherwise. Shoddies must be more strongly twisted than
yarns from natural wool. ' ’

Weff.  Warp.
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F16. 46.—Indicating the twist of weft and warp.

S

Worsted yarns are divided—according to their employ-
ment as warp, medio twist and weft; the hardness or
softness of the thread resulting partly from the degree of
twist and partly from the length and other properties of the
wool—into soft worsted, middle worsted and hard worsted ;
also, according to the extent of cleaning to which they have
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(torto) by a turn to the left, form * thrown " silk in contradis-
‘tinction to chappe or spun silk.

According to the composition and twist of the threads
silk is classified into :—

(1) Organzine (Warp, or Orsoy Silk).—From 3 to 8 cocoon
threads are lightly twisted together with a right-hand twist,
'so that there are 60 to 80 turns per centimetre (0-3937 in.),
and 2 or 3 such threads are twisted together (left twist) to
form double or three-fold organzine.

(2) Tram or Weft Silk.—This is characterised by a much
dower degree of twist; the individual threads, consisting of
8 to 12 cocoon threads, undergo no preliminary twist, and
‘2 or 3 of these are united by loose twisting so that the thread
is softer and flatter than organzine.

(8) Marabout Silk is used for making crape, 2 or 3 threads
being united without any preliminary twisting, then dyed
without scouring, and strongly twisted. The hard twist and
:stiffness are characteristic of this silk.

(4) ““ Sote Ondée” is prepared by doubling a coarse and a
fine thread. The material (gauze) made from this silk has
-2 moiré (‘‘ watered”) appearance.

(5) Cordonnet.—4 to 8 twisted threads are combined by a
loose left twist, three of the threads thus formed being united
by a right-handed twist. This silk is used for selvages, braid-
ing, crocheting, knitting, ete.

(6} Sewing Silk (Cusir) is made from raw silk (3 to
24 cocoon) threads, 2, 4 or 6 of which are united by
‘twisting.

(7) Embroidery Silk, also used for brochéing fabrics,
.consists of a number of simple untwisted threads united
by a slight twisting.

(8) Poil, or Single, Stlk.—A raw silk thread formed by
‘twisting 8 to 10 cocoon. threads, and employed in making
;gold and silver tinsel.
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APPARATUS FOR DETERMINING THE TWIST OF YARN.

Twist Tester.—The instruments shown in Figs. 47-50
are employed for determining the number of twists in a
given length of yarn and the reduction in length it has
thereby sustained. They require no further explanation.

Frac, 47.—Twist tester.

Heal’s Twist Tester.—The apparatus, made by Heal & Co.
of Halifax, consists of a base plate on one side of which is
erected a frame supporting two small axes. One of these
axes is fitted with a crank and also carries a spur-wheel,
engaging in a small spur-wheel on the upper axis, in addi-
tion to an endless screw which engages in the teeth of a

Fia. 48.—Twist tester.

graduated indicator plate. The outer end of the upper axis
terminates in a catch for holding one end of the yarn thread
under examination, whilst the other end runs over two up-
rights, the further of which carries a small pulley, and the
inner one a small split catch. This latter upright slides for
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a distance of 15 inches along a groove in the base plate, and
can be fixed in any desired position by means of a thumb-
screw, the adjustment being denoted by graduations on the
plate. :

To test the twist of a yarn the zero on the counter is
adjusted to coincide with the pointer. The movable upright
is placed in a position corresponding to the length of the
sample of yarn, and the latter is fastened in the revolving
catch, then passed over the second upright and over the
pulley on the first upright, the free end being fastened to a
small weight which varies in size according to the elasticity
of the yarn, being heavier for stout and lighter for weak
yarns. The split catch on the second upright is then

Fia. 49.—Heal’s twist tester.

screwed up, the lower axis set in motion by the crank and
the yarn untwisted, the degree of twist being recorded by
the indicator and read off direct. The indicator is arranged
to register both right- and left-handed twists, and as one
turn of the crank produces ten revolutions of the yarn the
determination is quickly performed.

Twist Tester with Expansion Measurer and Turn Counter.
—This instrument is also applicable to the determination of
the twist of doubled yarn, e.g., sewing cotton, sewing silk,
ete. After adjusting the counter at zero the thread to be
tested is fastened in the two small screw clamps, the one of
which is situated to the right of the counter and the other
on the left by the elasticitimeter. The latter appliance
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must be drawn so far out of the collar that the spiral spring
of the metre is under proper
tension and the indicator screw
in position against the zero
point on the scale. By turning
the “crank the double thread
is untwisted, a needle fixed in
the guide frame being inserted
between the two threads.

As the crank revolves the
needle is drawn between the
threads until they are com-
pletely untwisted. The counter
then indicates the number of
turns in the thread, while the
metre shows on the left the
elasticity of the thread in milli-
metres. The Ilength of the
test thread can be adjusted as
desired, by moving the metre
support along the graduated
slide (30 cm. in length). Tt
is convenient to express the
results on the basis of 1
metre; so, for example, if the
sample thread measures 40 cm.,
the number of turns 140, and
the expansion 16 mm., these
results come out per metre.
Lo Uy lst :0 16 350 turns, and 16 20100

cent. reduction in length in twisting.

Fra. 50.—Twist tester with expansion measurer and turn counter.

= 40 mm., or 4 per
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VII. DETERMINATION OF TENSILE STRENGTH
AND ELASTICITY.

Tensile strength and elasticity are two important pro-
perties, both of which the spinner and weaver have to keep
in mind, since their simultaneous presence is essential to a
good thread. Testing by breaking with the hands is un-
reliable and defective, and has long been abandoned in
tavour of suitable mechanical testers, by means of which the
spinner is enabled to check the working of his machinery
and to decide what to do in case of a change in the raw
material he works with. The weaver also has at disposal
a reliable means of accurately comparing textile stuffs of
different origin in order that he may, from the results ob-
tained, appropriately modify the reeling and warp tension.

It must be remembered, however, that it is only possible
by means of the apparatus at present available to test fibres,
yarns, and fabrics for tensile strength. - There are no methods
available for testing their properties of resistance to friction,
and their elasticity. What is termed ‘¢ elasticity” is really
the amount of elongation at breaking-point.

The tensile strength in materials of identical constitution
varies inversely with the yarn numbers. So, for instance, if
a No. 40 yarn has a breaking strain of 200 grams (7 oz.),
then a No. 20 yarn of the same material will have a tensile
strength of double that amount = 400 grams (14 oz.), and a
No. 1 yarn a strength of forty times that of No 40, ¢.e., 8000
grams (17°6 1bs.).

These figures obtained for No. 1 yarns are known as
“ Quality Numbers,” and give when divided by the yarn
number of tensile strength in grams (or oz.), and so
facilitate comparison.

The ““ Quality Numbers ’ of cotton yarns have been deter-
mined, and average—
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~

The “sub-mean” is therefore el 171 grams, and the

5
difference between mean and sub-mean 15 grams, which,
15 x 100

expressed in percentages = = 8 per cent.

186

The strength of the yarn therefore was 186 grams (654
oz.), and its irregularity 8 per cent.

By practical experience it has long been determined that
when the difference between the mean and sub-mean
varies

Below 10 per cent. a yarn is considered as very uniform.

. 1 5 o » uniform.
Above 15 5 - " irregular.

The strength of single cotton yarns is given in the
subjoined table in grams (= 03527 0z.) :—

2 ¥
No. | Weak. | Medium. | Strong. SX-%;yg. No. | Weak. | Medium. | Strong. S:r%rnyg.

4| 880 | 1,000 | 1,250 | — | 32| 125 170 200 | 250

6| 670 920 | 1,080 | 1,340 | 34| 120 160 190 | 220

8 | 500 690 810 | 1,000 | 36| 110 150 180 | 210
10 | 400 550 650 | 800 | 38| 105 140 170 | 200
12 | 830 460 540 | 660 | 40| 100 185 160 | 190
14 | 285 390 460 | 570 | 50| — 110 180 | 140
16 | 250 340 400 | 500 | 60 — 90 110 | 125
18 | 220 300 360 | 440 | 70 — 80 9 | 105
20 | 200 280 320 | 400 | 80, — 70 80 95
29 | 180 250 295 | 360 | 907 — 60 70 85
24 | 170 230 $70 | 330 100 — 55 65 80
26 | 150 210 250 @ 810 |110 — 50 60 70
28 | 140 200 230 | 290 |120 — 45 55 60
30 | 130 180 215 ‘ 260 1

! |

The strength of flax yarns is easily calculated from the
subjoined formula :—

Let G = strength (grams oroz.), N = yarn number ; then, for tow yarns
for hand-looms

_ 19000 grams 21000 grams
1. G = = s =l =

e e the strength of No. 16

yarn = 1,187 grams (4178 oz.) ; or 1,312 grams (4618 oz.).
21385 grams
s

256

In English four:fold sewing twist: G =



DETERMINATION OF TENSILE STRENGTH AND ELASTICITY. 99

31816 grams

In.string from fine-hackled flax : double twist: G = ° N ; three-

32500 grams 35780 grams 41000 grams
N . N 4 N
35000 grams

of string being : G = ——— N

fold: G =

; the mean of six grades

By moderate twisting the strength of the thread is
increased, but if twisted to excess it becomes brittle and
loses its elasticity.

The elasticity of a yarn is expressed by the increase in
length it undergoes when strained to breaking-point. This
is determined in a simple manner by making one end of a
half-metre (19:68 in.) length of yarn fast, and attaching the
other to a drum 5 cm. (2 ins.) in diameter, the axis of which
is at a distance of half a metre from the other extremity of the
yarn. By means of a crank this drum is revolved until the
thread breaks, the arc through which the periphery of the
drum has moved, and which is ascertained by the graduated
markings on the same, indicating the elasticity of the yarn.

The elasticity of cotton yarns should be about :—

For Nos. 20 to 30 - - 45t0 5 per cent.
e 30,, 40 - = 4 ,, 45 -
A 40 ,, 60 - - 38 ,, 4 o
v 60 ,, 80 - - 35 ,, 38 -
3 80 ,, 120 - - 3:03;,43:5= 1'%
. 120 ,, 140 - - 2:5,, 80
,, 140 ,, 170 - - 2:00502°) '

The following particulars of the tensile strength and
elasticity of wool fibres are given by Bowman :—

. . Elasticity. Diameter of
Kind of Wool. Bgzs:llqng_sgg‘m. Per Cent. Fibres,
RREr of Length, Inches.
Leicester Wool - = 3263 115 0-284 | 000181,
South Down Wool - - 559 020 0-268 |‘ 0°00099
Australian Merino - - 325 0-114 0-335 | 000052
Saxon Merino - - 254 0-0894 0-272 ; 0-L0034
Mohair - - - - 38-09 1-84 0-299 0-00170
Alpaca - - - - | 968 0337 0242 | 000053
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The elasticity of silk amounts to a seventh to a fifth of
the length. Raw silk is more elastic, and withstands strain
better than scoured silk, since, in the operation of boiling,
about 45 per cent. of the elasticity and 30 per cent. of the
tensile strength are lost. Wet silk has more elasticity but
less tensile strength than dry.

On the proposal of Reuleaux the definition of * breaking
length,” i.e., the length of a thread, at which the thread itself
1s broken by its own weight, was adopted.

The accompanying table has been compiled from the
results of experiments :— '

Breaking | Tensile . Tensile
Length in | Strength Prearind | Strength
Kilometres| in Kilo- in Kilo in Kilo-
(10936 | grams per metres, | STAMS per
yds.). | sq. mm. | sq. mm.
Sheep’s Wool .8:30 109 | Vegetable Silk - | 24-5 =
Cocoanut Fibre - 17-8 292 Cotton - - 250 - 376
Jute - - -| 200 287 |Hemp - -1 800 450 .
China Grass -1 200 - Manila Hemp -| 31-8 —=
Flax Fibres -1 240 352 Raw Silk - -| 8390 { 44-8

APPARATUS FOR TESTING THE BREAKING STRAIN OF
YARN.

1. Pocket Tester (Ulmann, Ziirich).—A spiral spring is
enclosed in a wide, round or elongated cylindrical case
(Figs. 51, 52). To the end of the spring is attached a hook,
on to which the end of the yarn under examination is
fastened, and the instrument being held or suspended by the
ring at the top the yarn is pulled until it breaks. In the
watch-shaped tester (Fig. 51) the black pointer will fly back
to zero at the instant the yarn breaks, leaving the white
pointer to indicate on the scale the tensile strength of the
yarn in grams. This white pointer must, of course, be
adjusted to zero before commencing the next test.

The tester shown in Fig. 53 consists of a cylindrical case
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- fitted with a small detent. To apply the test the base screws
are adjusted until the instrument is upright; the yarn is
attached by one end to the hook, and the other end, after
being passed over a small roller at the base, is pulled gradu-
ally until it breaks, the detent engaging in the teeth of the
arc as the pointer moves, and detaining the latter in the

Fias. 54 and 55.—Breaking strain tester.

position it has assumed when the breaking point is reached,
thus enabling the weight indicated to be read off at con-
venience. The test should be repeated about ten times in
order to obtain the true average breaking strain.

3. Elasticity Tester.—A small instrument for this purpose
is shown in Fig. 56. This is screwed on to a table, and the
thread to be tested is wound round the horizontal roller, one
end being held fast whilst the other is pulled until the
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the clamp, the yarn being then twisted around the small
upper roller and passed between the roller b and the two small
rollers shown in the Fig.; the lower end passing down to the
crank axis, to which it is attached by a clamping screw.
The crank is turned until the thread breaks, where upon the
indicator @ will show the breaking strain in grams, and the
scale will record the elasticity of the yarn in millimetres.
Both the indicators @ and b should be set back to zero before
commencing a test.

Fia. 59.—Piat and Pierrel’s breaking strain tester.

The tester shown in Fig. 57 is intended for the same pur-
pose as the others, but can be used for testing 10 or more
threads at a time. The apparatus is fixed on a board, and
carries a large dial plate on which the scale is marked, a
weight being used, in place of a spring, for determining the
breaking strain. The scale is usually graduated up to 10
kilos (22 1b.). If double yarns are tested the result must
be divided by the number of component threads, in order to
obtain the figures denoting the individual strength.

In the case of doubled threads, the strength is increased
by the operation of doubling.
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5. Piat and Pierrel’s (St. Mawrice) Breaking Strain Tester.
—As can be seen from Fig. 59, the instrument consists of two
parts, that on the left being the indicator of the tension
produced by the right-hand portion of the apparatus. The
thread is stretched by turning the crank, whereupon the
lever inclines and the pointer indicates on the graduated
quadrant the tension on the thread at the moment of break-
ing, a detent restraining the lever in its actual position at
the time; this gives the breaking strain.

The elasticity stands in direct relation to the stretch of
the thread, and is measured by the distance travelled by the
detent along the toothed quadrant.

Of course, the test must be performed on a number of
threads. The test weight is made heavier or lighter ac-
cording to the strength of the yarn, and the figures obtained
for the breaking tension must in each case be multiplied by
the weight employed. '

6. Schopper's Yarn Tester—The apparatus described below
was designed in response to an invitation by the Royal Fx-
perimental Institute at Charlottenburg. The arrangement
can be seen from Fig. 60, and the test is applied as follows:
After the loaded lever G has been adjusted to point to zero,
the upper tension clamp J is held back by the catch provided
for that purpose, and the lower clamp M raised to its
highest position, by turning the hand wheel, and fixed in
place by means of the screw X, situated below tbe nose
lever O. By pushing the tension rod case up as far as pos-
sible, the expansion lever is adjusted at zero, and the thread
is then fixed in position, an operation more easy of perfor-
mance with this vertical apparatus than with horizontal
instruments. The upper clamp is then released from its
catch and the loaded lever also set at liberty; and the
clicket d being lowered, the apparatus is set in work by
turning the hand wheel B. After two or three turns of the
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whee!l, and without stopping, the lower clamp is released by
undoing the screw X, so that when the thread breaks this
may fall and so release the expansion lever. When breakage
occurs both the ievers remain in their actual position at the

F16. 60.—Schopper’s breaking strain tester.

moment—whether the hand wheel is stopped or not—and
so allow the breaking weight and the expansion to be read
off with accuracy.

If, in addition to the breaking strain, the breaking length
has to be determined, both ends of the broken thread are
cut off short at the clamps and weighed together. The
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the indicator of the weight lever is adjusted to zero and
that the air bubble in the level at the foot of the stand is
exactly in the centre.

7. Breaking Strain Tester with Elasticity Tester (Fig.
61).—This apparatus is also arranged to work by dead weight
instead of by a spring, and is used for testing whole and half-
cuts of s'tring, cord, etc., the test being very quickly per-
formed. The skein under examination is attached to
sufficlently strong hooks both above and below, and the
crank with attached gearing set in motion until breakage
occurs, the strain being indicated on the dial plate, where
the expansion is also recorded in millimetres. 'To ascertain
the true elasticity of the thread, the figure recorded on the
scale attached to the lower hook is deducted from that
shown on the dial. The instrument is mounted on a stout
oaken board, and all the parts are constructed of steel and
brass.

A large quantity of yarn is required for the test, but the
results are characterised by greater accuracy. In attaching
the yarn to the hooks the turns should lie side by side
so that they may slide freely when stretched. Instead
of hooks, clamps (Fig. 62) may be fitted to the machine,
which is thus made available for testing cloth as well as
yarn. ‘The driving wheel may be arranged to work by hand
or power.

8. Continuous Tester for Determining the Elasticity and
Strength of Yarn.—This apparatus (invented by Holzach
and made by Wenner of Ziirich), which is of great service to
the spinner, indicates automatically and simultaneously both
the strength and elasticity of the yarn which is being passed
through it. Being driven by belting, a considerable length
of yarn (some 15 metres per minute) can be tested in a short
time. The thread runs from the bobbin through the guide
L on to the pair of conical rollers 4, and being held fast by -
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and the machine is thrown automatically out of gear when
the thread gives way. ‘

VIII. ESTIMATING THE PERCENTAGE OF FAT
IN YARN.

This determination has to be made in the case of worsted,
carded wool, and artificial wool yarns, and can be performed
in a Soxhlet extractor by means of petroleum spirit, the
simplest method of procedure being, however, as follows :
5 grams of yarn are steeped with 100 c.c. of petroleum spirit
in a flask, well shaken up and left to stand for a day, where-
upon 5 c.c. are syphoned off and the spirit removed by
evaporation in a tared basin over the water bath.

The employment of petroleum spirit is preferable to using
other solvents such as water-free ether or carbon bi-sulphide.

‘When the Soxhlet extractor is used, 2 to 5 grams of the
material are placed in the widened tube, which is fixed on to
a small flask (weighed when dry), the latter being half full
(abbut 50 to 70 c.c.) of ether, and the apparatus is sur-
mounted by an inverted condenser in which the ascending
ethereal vapour is condensed and continuously falls back into
the extractor. After the apparatus and its contents have
been heated for some time over the water bath, all the oil
and fat in the substance will have passed into solution in the
ether, the flask being then removed and the ether distilled,
the residual fat being dried for a half to three-quarters of an
hour at a moderate temperature, and weighed when cold.
The increased weight of the flask gives the amount of oil
and fat present in the sample.

IX. DETERMINATION OF MOISTURE.

CONDITIONING THE YARN.

All fibres, whether of animal or vegetable origin, are
endowed with the property of hygroscopicity, i.e., power of
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absorbing water from the air, and undergo alterations in
weight and volume corresponding to the amount of moisture
so taken up. In damp air they expand and become heavier,
and in dry air contract and lose weight, the cause of this
phenomenon being due to the variable temperature of the
atmosphere. According to the origin of the fibre the quan-
tity of moisture absorbed and retained is larger or smaller.
By reason of this peculiarity insurmountable difficulties
would attend commercial dealings in textile fibres, especially
the more expensive products of silk, were there no means
of determining and taking into account the percentage of
moisture they contain.

At the request of the parties interested, the maximal
admissible percentages of moisture for the various fibres,
and the normal amounts present therein in the air-dry con-
dition, were éxperimentally ascertained some sixty years ago.
These investigations led to the installation of testing institu-
tions, the so-called ‘‘ conditioning ” establishments, of which
there are now some thirty-two in existence for the examina-
tion of silk ; e.g., Lyons, Paris, Mailand, Marseilles, Florence,
Turin, Vienna, Ziirich, Basle, Crefeld, Elberfeld. For a
number of years attempts were made in Germany to have
the condition of wool and woollen yarn officially determined
under legislative control. In DBradford the splendidly-
equipped Conditioning House is an institution under muni-
cipal control, where all questions arising out of the
hygroscopicity of wool are determined.

So far as the vegetable fibres are concerned, it is but
seldom that any account is taken in commerce of their con-
tent of moisture, although, as is shown in the subjoined
tables, the amount of water fixed by the various fibres is
not unimportant.
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TABLE OF WATER CONTENT OF DIFFERENT FIBRES, IN AN
AIR-DRY CONDITION, AND AFTER EXPOSURE FOR SOME
TIME IN AN ATMOSPHERE SATURATED WITH

MOISTURE.
Water Water
" conif;ent Maximum = C(.)l]ii}lellt Maximum
Fibre, q percentage ibre. o percentage
air-dry air-dry
condition. absorbed. condition. Elmerhost
Per cent. Per cent.
Cotton - - - 666 2099 Manila - - 250 40-00
Flax (Belgian) 570 13-90 Jute - - - 6:60 2330
0 e 4-201 24:00! |Wool - - - 8-12 30°40
Nettle - - - 652 1815 Silk - - - 10411 | 30
1

The International Congress for the establishment of a
uniform system of numbering yarn, held at Turin, agreed
upon certain admissible normal percentages of moisture cor-
responding to the peculiarities of the various fibres. These
quantities are known as the ‘‘regain,” i.e, the amount of
moisture present in the fibre under ordinary atmospheric
conditions, or the amount reabsorbed by the fibre on cooling
in the air after having been subjected to prolonged drying in
hot air.

Regain. Direct Loss.
Per Cent. Per Cent.
Scoured wools - - - - - ®.16 1377
Noils - - - - - 14 12-3
Tops combed w1th 011 - - - 19 1597
.  without oil - - - 18} 1543
Gotton yarn, incl. “‘imitation” yarn 8% 7-1
Silk thread - : - - - 11 9-86
Flax yarn - - - - - - 12 10°71
Hemp yarn - - - - - 12 1071
Tow yarn - - - - - - 123 1
Jute yarn - - - 133 12-09
o (accordmg to Pfuhl) - - 14 12-28
Carded woollen yarn - - - - 17 1453
Worsted* - - - - - 18% 1543
Yarns from wool and s11k - - - 16 -
[2] ” ” 19 cotton = - 10 =
Shoddy yarns - - - - - 13 1451
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The term ‘‘ regain ” means that if 100 parts of any of the
above in an absolutely dry state are exposed to the atmosphere
under normal conditions, they will regain as many parts of
moisture as indicated above.

The term ‘ direct loss ” means that if 100 parts of the
above are in a correct condition and absolutely dried, they
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F16, 64.—Conditioning apparatus. Fig. 65.—Sectional view.

will lose as many parts of moisture as indicated in the above
table.

CONDITIONING SILK.

After the bale of silk has been weighed, some 18 to 30
skeins of a total weight of about 14 kilo (33 1b.) are taken,

1 Figures given by the Trautenau Experimental Station for the cultiva-
tion of flax.

8
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some from the centre and others from near the outside,
and divided into three equal samples, which are accurately
weighed. Two of the samples are then placed in the con-
ditioning apparatus described and illustrated above (Figs.
64, 65), and are dried for several hours at a temperature of
110° C. The weight is taken at intervals of twenty minutes,
and as soon as two weighings differ by not more than § per
cent. the weight is calculated to that of the entire bale,
with the addition of the legally permissible limit of moisture,
viz., 11 per cent. The third sample is used in the event of
any difference resulting.

The conditioning apparatus invented by Talabot of Lyons
in 1841, and improved by Persoz and Rogeat, is constructed
as follows :—

- A constant temperature of 110° C. is maintained in the
apparatus by means of two currents of air, one merely luke-
warm and the other heated to over 110° C., supplied from a
heating stove in the cellar of the building. The hotter
current enters through the tube 4 into the chamber B, where
it divides and passes through thirty-two perpendicular tubes
11, and emerges thence into the actual drying chamber I, in
which the silk skeins to be tested are suspended freely from
hooks attached to one arm of the balance forming part of the
apparatus. The cool, dry air current enters the apparatus
through the annular passage surrounding the tube 4, plays
round the tubes 7 /, and enters the chamber through an
opening, 7, in the cover. The two currents can be restricted,
increased, or shut off altogether, by suitably adjusting the
valve v and the valve controlling the aperture r, without it
being necessary to open the apparatus; and the production
of an atmospheric mixture with a constant temperature of
110° C., indicated by the thermometer inserted in the appar-
atus, is thereby facilitated. This current of air surrounds
the silk, absorbs its moisture, and, laden with the latter,
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passes out of the chamber into the chimmney shaft via the
flues £ E. In this manner the silk is dried rapidly, the
absolute dry weight being obtained in a half to three-quarters
of an hour. The air is shut off, by closing the valves, whilst
the weighings are in progress.

CONDITIONING LOOSE WOOL.

The process will be explained on the basis of a 2,000 kilos
(4,408 1b.) parcel of wool sent to be conditioned. The bales
are weighed directly on reception, and as accurately as pos-
sible, and samples are at once taken from three parts of
the different bales. When the bales weigh 120 to 150 kilos
(264 to 330 lb.), the samples taken from each must be not
less than 1 to 1} kilo (22 to 3-3 1b.) in the aggregate; and
a conditioning test must be performed on each 400 kilos
(880 1b.), of wool. The different samples are united, and
from the whole are drawn three test samples of 500 grams
(1-1 1b.), of which two ave placed in the apparatus. If, after
a short time, the loss in the two samples agrees or differs by
barely 4 per cent., the test is at an end, but if the difference
is greater the third sample is tested, and the mean of the
results is taken and expressed in percentage. ‘

In a 2,000 kilos. parcel from ten to fifteen samples are thus
taken, the average percentage loss in which forms a basis of
calculation for the entire parcel. If the latter consist of
thirteen bales, and a 14 kilo (33 1b.) sanple be drawn from
each, then we have 194 kilos (429 1b.) of sample, which may
be assumed to be representative of the bulk.

From this are taken five samples of 1,500 grams = 7,500
grams. (164 1b.), which, when conditioned, yield a dry weight
of say = 6,300 grams (1386 1b.), corresponding to an average
loss of = 1,200 grams (2:64 1b.), or 16 per cent., so that the
dry weight in 100 lb. of the wool would be 84 lb. of actual
wool. Now, since the permissible limit of moisture in wool
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is 17 per cent., there must be added to the 84 per cent. of
wool 14:28 per cent. as permissible moisture which gives the
normal weight = 9828 per cent., and the inadmissible water
= 172 per cent. Therefore, instead of 2,000 kilos (4,400 1b.),

the weight of the parcel must be reckoned as

2000 x 1-72

(2000 - =5

= 196560 kilos = 4324-32 Ib.)

Fia. 66.—Koh!’s wool conditioning apparatus.

CONDITIONING WORSTED.

The process is identical with the foregoing, but a few
preliminaries have to be gone through. When the yarn is
on bobbins or conets, it must, after the gross weight has been
ascertained, be reeled in hanks of 1000 metres (10936 yds.),
and the tare deducted. If the yarn contains any matters
that volatilise during the drying, it is first washed and freed
from fat, and then transferred to the conditioning apparatus.
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APPARATUS.

The Kokl Conditioning Apparatus for wool consists of a
delicate balance (constructed for a maximum load of 1 kilo
(22 1b.), and capable of indicating down to 1 centigram); a

F16. 67.—Heal’s conditioning oven.

strong copper drying vessel fitted with a thermometer; an
iron case; a drying rack for cops; another for sliver ; and a
pair of gas burners or petroleum stoves.

The drying frame suspended from the balance is filled
with a number of cops or sliver, the weight of which is
accurately determined at the outset, and again after one and
a half to two hours’ drying, a third weighing being made
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after the lapse of a further half-hour. If no loss of weight
occurs between the second and third weighings the final
weight, with the addition of the permissible percentage of
moisture, is calculated to the total amount of the wool.

Fig. 68.—Ulmann’s conditioning apparatus.

Heal's Yarn Testing Oven (Fig. 67) consists of a cylindrical
vessel fitted with a conical movable cover, and containing
an inner vessel of slightly smaller diameter, the space be-
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tween them being closed at the top but open below. At the
bottom of the inner vessel there is a plate which is exposed
to the flame of a Bunsen ring-burner, the heated gases from
which surround the inner vessel, the products of combustion
escaping through the flue shown at the right-hand side of
the apparatus. The cops or raw material to be tested are
laid in a circular wire basket made in two parts in order to

Fig. 69.—Conditioning apparatus with sliding weight.

ensure an equal distribution of heat through the cops. The
material is of course weighed before being placed in the
basket. The temperature of the apparatus is registered by
a thermometer inserted through the lid.

 Conditioning Apparatus with Arc Balance (Ulmann,
Ziirich).—This useful apparatus is shown in the annexed
figure (Fig. 68). The method of manipulation is as follows:
The rod 7 supports a basket inside the apparatus, in which
20 grams (07 oz.) of the sample to be tested are laid, care
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being taken to prevent contact with the sides of the ap-
paratus. . The lid M is then closed, and the weights R! are
moved along the threaded arm until the pointer is opposite
zero on the scale. The spirit or gas lamp E being then
lighted, heat is applied until the thermometer J registers
110° to 120° C., whereupon the internal valve, which is
left open at the commencement of the test, is more or less
closed by turning the handle .H, in order to regulate the
admission of hot air and maintain the temperature at the
requisite degree. The moisture will, as a rule, all be
expelled in about twenty to thirty minutes, the lamp being
then extinguished, and the final position of the pointer,
which will have risen, indicates, on the scale—which is
graduated in centigrams—the amount of moisture in the
sample examined. The oven, which is constructed in two
sizes, for conditioning 20 and 100 grams (0'7 and 35 oz.)
respectively, is of the following dimensions: Diameter, 23
or 25 cm. (9% or 10 in.); height, 48 or 68 cm. (19 or 27 in.).

The Findevsen (Chemnitz) Conditioning Apparatus (Fig.
69) consists of an oven, a copper vessel warmed by a gas or
spirit lamp, and a delicate sliding-weight balance, the pan
of which is placed inside the oven. When the sample is
placed in the pan the apparatus is heated to 110° to 120° C.
for some time, the dry weight of the substance being ascer-
tained by counterpoising the balance by sliding the weight
along the beam.



TESTING MANUFACTURED FABRICS.

“ FaBRIC ” is the name given to any material prepared by the
regular interweaving of threads or thread-like bodies by the
aid of mechanical appliances. This general classification is
subdivided into ‘‘ weavings ”’ or woven material, composed of
threads interwoven at right angles, and worked goods,
wherein the threads are combined in serpentine fashion or
so twisted as to form a mesh. In this latter category must
be included machine lace, tulle, bobbinet, and such like
materials, in addition to those produced in hosiery looms.

Woven materials are constructed of longitudinal or warp
threads (kette, zettel, aufzug, schweif ; organsin ; chaine), and
transverse or weft threads (schuss, einschuss, eintrag, ein-
schlag ; trame), in such a manner that the latter pass regularly
at right angles backwards and forwards through the warp,
and therefore must turn back at the edge or selvage
(sahlband, sahlleite; lisiére) of the material — which is
frequently made of a different or stronger class of warps in
order to improve the appearance and strength of the goods.

Owing to the manifold changes of relative position that
can be given to the warp and weft threads, a great variety
of fabrics can be manufactured. Types of fibrous textures
are classified into the following groups :—

1. FELTED.
It is usually made from wool having a strong tendency
to felt. Films of wool, say, 80 in. wide, are laid on the top

of one another—number according to the thickness of felt
(121)
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required---by means of an apparatus added to the end of the
ordinary carder. Upon due thickness being obtained, the
films are milled into one compact mass or fabric.

2. KNITTED.

A fabric composed of yarn which interlaces with itself in
such a way as to form a succession of loops each dependent
upon the one which succeeds it for security. If the last loop
be pulled, the whole of the fabric may be unravelled.

3. WoOVEN.

The crossing and interlacing of two sets of parallel threads.

Types of woven fabrics are the following :—

(1) Plush or Pile.—A fabric in which either special
threads or picks are caused to stand up from the surface.
If left looped, as more frequently is the case in warp piles,
the fabric is spoken of as “terry”. If cut, as is sometimes
the case with warp piles, and usually the case with weft
piles, the fabric is spoken of as cut.

(2) Gauze—A type of fabric in which certain of the
threads, although keeping approximately in the same plane,
are deflected from the straight line in order to produce
spiders’ webs, and other well recognised gauze styles.

(8) Ordinary.—The interlacing of warp and weft at right
angles.

The Ordinary woven fabrics embody :—

@) Plain Weave.—The simplest and tightest form of
interlacing the warp and weft being over one, and under one.
By changes in materials, sizes of yarn, and balance of struec-
ture, many of the best styles of fabrics are produced by this
interlacing.

(d) Warp Rib. — A structure where by nature and
character of the weave or material employed, the warp exerts
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unequal pressure on the weft and thus predominates, forming
a rib effect across the cloth.
(¢) Weft Rib.—The opposite effect to the warp rib.

‘CLASSIFICATION OF WOVEN GOODS.

The largest group is formed by cotton goods, to which
various arbitrary designations are given. Among the plain
goods are: Cottons (Nos. 20 to 30 yarns), calicoes (Nos. 36
to 42 yarns), chiffon, percale (Nos. 50 to 60 yarns), Scotch
batiste, Scotch or Viennese canvas, muslins (Nos. 60 to 80
yarns), Mollinos (strong coarse fabrics from Nos. 14 to 26
yarns), tulle and gauze. Among the twills are: Twill,
dimity, English leather, moleskin, molton, twilled nan-
keen. Atlas fabrics: Satin. The figured cottons are
very numerous: Repps, piqués, cotton damask, double
cords, etc. Cotton velvet is designated “ Manchester ”

The linen fabrics are divided into: (1) Plain goods, such
as linens, creas, stiffened linens, linings, clothings, coatings,
trouserings, linen batiste and linen tulle (loosely woven);
(2) Twilled and figured goods: Tickings, drills, bed drills,
trouserings, table and towel drills, linen atlas and linen
damask (Jacquard linen).

Plain hemp fabrics occur as sallcloth canvas, hempen
cloth, hemp linen, sacking and packing cloths.

Jute goods are brought on the market, in ordinary
qualities, as packing cloths, sackings and sailcloth, and’in
finer grades, as carpets, table and bed covers, and curtains.

‘Wool fabrics are subdivided according to the nature of the
raw material into woollens and worsteds. To the first named
belong the unfulled or only slightly fulled fabrics, such as
flannels, buckskins, ratiné, floconné, half-wool llama or union
(warp cotton, weft wool), and also the fulled fabrics, the chief
representative of which is known as “cloth,” by which term
is understood a plain weaving with its surface converted into
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a smooth felt-like covering by the processes of fulling, rough-
ing, shearing and pressing. This felting is facilitated by
using warp threads made -with a right-turn, along with
left-turn weft yarns. )

The worsteds are also a numerous class. To the plain
goods belong: Orleans, wool muslin, crape, mohair, repps.
To the twills: Merino, Thibet, cashmere, zanella, serges and
lastings. The figured goods include : wool- or upholsterer’s-
damask, vesting, trouserings, shawls, facings and carpets.
Velvety fabrics are wool velvet, wool plush, upholstery plush,
Brussels carpeting, astrachan and crimeas.

Equally varied are the descriptions of silks, due to rapid
changes of fashion. The most important plain silk fabric
is taffeta, which is used for dress goods or for linings. A
closely woven taffeta of very strong threads covered with a
kind of regular grain, or ribbed, is known by the names of
Gros de Naples, Gros de Tours and Moiré silk. Foulard is
used for handkerchiefs, but also for dress stuffs as well.
Gauze, crape and barége are also included in this class,
the latter being a very light translucent dress stuff.
Among the twills are chiefly the following: Croisé, serge
and atlas, or satin. Figured silks comprise silk damask,
broché, gold and silver brocade (interwoven with gold or
silver threads). Among the velvety fabrics should be
mentioned the true silk velvet which is|\met with in
coinmerce, both with cut and uncut pile, and is used as
expensive dress material and as costly upholstery and
curtain goods, etc.

In unions or mixed goods the warp and weft threads are
of different materials. In half-silk, for example, the warp is
of silk (organzine), and the weft of worsted, mohair, alpaca,
or even cotton. Thus poplin contains fine combed wool;
semi-taffeta, cotton; and atlas twills very low qualities of
cottons as wefts. Half-silk velvet is made on a ground of
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cotton. Barege is a gauzy fabric with a raw silk warp and
combed wool weft,

The number of semi-woollen fabrics is very considerable.
For the most part they consist of wool and cotton, very rarely
of wool and silk, the warp in many cloth-like fabrics being of
cotton and the weft of carded wool, e.g., flannels (plain or
twilled, slightly roughed or cropped and lightly fulled);
cassinets (twilled or atlas twill, only hot pressed); unions
(half-wool llama), half-wool moleskins and half-wool twills.

The half-wool fabrics from combed wool are numerous,
among the plain goods being wool muslin (loose, soft tissue),
Orleans (cotton twist warp), repp (mostly cotton or carded
wool warp with combed wool weft), mohair. Twilled are:
half-wool cashmere (silk warp, merino weft), half-merino
(3-shaft twill with cotton warp and combed wool weft, or
vice versd), zanella (cotton twist warp, wool weft); and the
figured and gauzy fabrics comprise half-wool damask (cotton
twist warp), and half-wool barége (cotton warp, combed wool
weft).

In the half-linen (union) fabrics are distinguished: union
canvas (made partly from hemp alone and partly from hemp
warp and flax weft), tow canvas, half-tow linens, tow weft
sheetings (flax warp, tow weft), half cotton linens or unions
(cotton warp, flax weft, or vice versd). Among the figured goods
are union drills (cotton warp, linen weft) and union damasks.

Materials containing threads of other kinds for the pro-
duction of special effects are not regarded as mixed goods.

THE TESTING OF FABRICS

comprises four groups of investigation, the first of which
belongs to the domain of mechanical technology and in-
cludes :—

1. Identification of the mode of weaving ; adjustment of
warp and weft; combination; external appearance of the
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individual threads; yarn number; doubling twist; colour,
ete. ;

2. Testing the breaking strain and elongation by the dyna-
mometer. Tearing by hand is an inaccurate test.

3. Determining the yarn number of warp and weft.

4. Counting the number of warp and weft threads per
inch.

5. Determining the contraction and shrinkage.

The second group deals with the identification of the
raw material :—
6. Examination of the type and quality of the raw material
employed in the warp and weft threads; weighing the fabric.

The third group is concerned with the substances and
alterations introduced into the goods by the processes of
dyeing and finishing :—

7. Determination of the finish and dressing material.

8. Determination of the waterproof capacity of the fabric.

9. Determination of the absorption of moisture ; artificial
weighting. '

10. Fastness of the dye under the influence of weather, dirt,
dust, washing, perspiration, ironing, etec.

Finally, in the fourth group are determined :—

11. The length of the piece of cloth, etc.

12. The mordants and dyes employed.

13. The presence and amount of arsenic (if any).

I. DETERMINATION OF THE MODE OF WEAVING,
DISTINCTION AND .COMBINATION OF
WARP AND WEFT THREADS.

In many fabrics the differentiation of warp and weft
threads is an easy matter, whereas in others certain indi-
cations are necessary. When the sample contains a piece of
the selvage this shows which is the warp, because a selvage
can only be in a longitudinal direction in the stuff. In the
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case of cloth, buckskin, flannel, etc., and with fabrics gene-
rally that have been fulled, raised and cropped, the direction
of the hairs composing the pile affords a guide, these being
always laid parallel to the warp. If a number of double
threads are found in a fabrie, the others being.single, then
the former are the warps. When cotton threads are de-
tected as running in one direction and woollen ones in the
other, thé cotton yarns usually form the warp and the wool
the weft. Warp and weft may also be distinguished by the
twist of the yarn, the former being the more tightly twisted
of the two. Where the members of one set of threads are
equidistant and the others at irregular intervals, the former
are usually the warps. In stiffened or starched goods, if only
the threads running in one direction can be seen, they may
be assumed to be the warp, and if one set appears stiffer and
straighter, the other being rough, crooked or crumpled, the
former may be regarded as composing the warp and the
latter the weft. The material also affords a clue, since if one
set of the threads is of better and longer material and higher
yarn number than the other set, the finer constitutes the warp
and the commoner, thicker yarn the weft. Finally, the
direction of the twist in the threads is conclusive, so that if
one set has a strong right-twist and the other a left twist,
the first may be regarded with certainty as the warp.

After the distinction of the warp and weft yarns has been
effected in one way or another, it then becomes a question,
especially for, manufacturers, of determining the combination
of the warps and wefts. To this end the sample is examined
by the aid of a hand glass or thread counter and a strong
style or needle, with which the threads can be counted and
moved aside, and the cloth analysed. The position of the
threads is called their ‘combination,” and is classified as
taffeta, twill, atlas, serge, Batavia, and so forth. The re-
sult of the examination is plotted on design or point paper, the
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projecting warp threads being indicated by filling up the
corresponding squares and leaving those referring to the
prominent weft threads blank. In this way the weaving
pattern of the sample is obtained, and serves as a guide to
the weaver in making the stuff, as well as for the preparation
of the pattern cards for the loom.

Finally, the individual threads are tested for strength,
twist and dye, the methods for which operations have already
been detailed.

II. TESTING THE STRENGTH AND ELASTICITY
OF A FABRIC.

The plan, so often adopted, of testing the strength of a
cloth by tearing it by the hands is altogether unreliable,
and rather leads to self-deception, because tearing frequently
requires only a certain skilled knack whereby the best
material can be pulled in two, and though an experienced
man may be able to distinguish a good cloth from a bad one
in this way, yet it is impossible for him to determine slight
differences in quality, since after he has exerted his strength
over a few tests the capacity to distinguish the actual force
required disappears.

The sole means of determining the strength of a sample
without possibility of error is by means of mechanical dyna-
mometers, which moreover possess the advantage of requir-
ing no skilled knowledge in their application, besides
expressing the tensile strength of the sample in terms of
weight. This latter faculty in particular is valuable to the
manufacturer by enabling him to accurately compare his
various products with those of his competitors, whereby he
receives assistance in improving his fabrics. The tests will
facilitate fhe detection of defects of manufacture which
would otherwise be overlooked, and will undoubtedly con-
tribute also to strengthening the market, since it is only by
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means of such tests that one can determine what goods
are to be considered as durable and strong. The value of
these tests is sufficiently proved by the fact that all Army
Clothing Departments and other official departments already
make the reception of their supplies of cloth, drills, canvas
etc., dependent on their passing definite tests for strength.

Breaking tests also afford the most certain proof to
bleachers of cotton and linen goods whether the bleaching
process adopted is a rational one, ¢.e., whether the goods
have been weakened or not; and by the same tests an in-
dication can be quickly obtained as to whether body and
household linen has been—as is so frequently asserted—
improperly treated in the laundry.

In turning to account the results obtained with the
testers about to be described, the length of the sample
examined, its weight and the degree of force (weight)
employed give the length of the stuff which if suspended
would break under its own weight—the width being of
course considered as equal in both cases. So, for example,
if 15 cm. (6 in.) of stuff weigh 1 kilo (22 1b.), and break
under a strain of 50 kilos (110 1b.), then the tearing length
of the stuff will be v

015 x 50
R ="0001

= 7,500 metres (8,202:225 yds.).

If the strip of cloth is found to have stretched, say 15
mm, (06 in.) at breaking point, then the stuff is said o
have a ‘tenacity " of (in this instance) 10 per cent. of the
original measurement. '

In addition to the two definitions, expressed by the
terms ‘“specific strength” and * breaking stretch,” is
associated a third, ‘‘specific breaking tension,” denoting
the product of the tension exerted (weight) and the
distance traversed (length) referred to 1 gram (0035 oz.)

of the fabric tested.
9
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The subjoined table, compiled by Hoyer,! gives, for
guidance, the results of several experiments on the count
and strength of cloth:—

I ?reaking
: : Number o strain of a
2 iy ;’Z:ngllt 1; threads in sample 10 cm.
Fabric. square | 25 mm. (Lin.). | (4in.) wide in
RS kilos (22 1b.).
Warp. | Weft. | Warp. | Weft.
Cotton, unbleached, for shirtings | 129-135 56 53 90 74
Cotton, blue, for linings - - | 110-170 60 51 58 &
(Shirting (bleached) - | 225-285 32 28 73 67
inen Lining (unbleached) -| 2056-215 26 292 105 100
Summer Trousering
(bleached) - - - | 240-260 33 £0 230 144
Linen twill for trousering (un-
bleached) - - = -1 320-340 30 29 230 200
Orleans, black (cotton warp, wool
weft) - - - - -| 6369 72 62 36 30 -
Military cloth - - - - 80-85 37 37 587 52
Coating cloth (shoddy) - - 6—;5 30 25 35 34
5 Blouses - 0-64 46 43 67 53
ROV whol DM { Lining -| 4549 | 42 | 87 | 54 [ 40
Worsted (black) - - - - 50 60 55 100 92
Silk (Ordinary plain) - - - 20 — — 120 110

BREAKING STRAIN TESTERS (DYNAMOMETERS).

Of the various testing machines manufactured, those
described below are given as having proved themselves
useful and made their way.

(@) Rehse’s Tester is a pocket instrument which can be
recommended when rapid and, at the same time, accurate
testing is in question. The stuff is stretched, by means of a
pressure screw, between a concave disc and a tube, in such
a manner that the entire surface of the tube is covered by
the cloth. The sample is pressed upon by a die, driven by a

1 Dammer's Lexikon der Verfilschungen, p. 333.
2The weight per sq. yd. in oz. is obtained by dividing the weight per sq.
metre in grams by 1'893 x 31 = 38-88, e.g., 130 gram -+ s33-88 = 3-8 oz. per sq.

yd.
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spiral spring, until the stuff, which is forced into the hollow
of the concave dise, is torn. The force exerted by the
spring is produced by moving a sliding case or drum, the
progress of which indicates on a scale the breaking tension
and elasticity of the sample under examination.

(b) Leuner's (Dresden) Tester—This apparatus registers
the elasticity and strain automatically on a strii) of paper. The
sample is held by a pair of clamps, which are then attached
on the one hand to a fixed hook E (Fig. 70), and on the
other to the balance, by suitable studs. It is necessary that
the initial distance between the two clamps should always
be constant, and that—whether in consequence of improper

Fie. 70.—Leuner’s cloth tester.

adjustment or defective connection with the rest of the
apparatus—they should not exert a distorting force on the
sample. To this end an even tension longitudinal to the
threads is essential, and this is ensured by the arrangement
of the apparatus. The indicator recording the tension and
elasticity consists of a pencil C and a cylinder B, the latter
being mounted loose on the draught rod connecting the
spring with the clamp, and receiving a rotary motion by
means of cone wheel gearing, which motion corresponds to
the movement of the clamp at 4, i.e., to the total stretch of
the cloth. For indicating the amount of extension due to
the action of the draught screw at the further end of the
spring, in contradistinction to that attributable to the elas-



132 YARNS AND TEXTILE FABRICS.

ticity of the cloth, the pencil C moves vertically along the
cylinder for that distance, the compounding of these two
movements resulting in a curve, the ordinates of which denote
the tension and the abscisse the elasticity. By placing the
spiral screw in its normal position with regard to the cylinder,
the former are described by the
pencil, and the latter result from
the rotary movement of the
cylinder.

For convenience in reading
the diagram a glass measuring
plate engraved on the under
side is employed. The divisions
marked on the plate show the
elasticity in percentages direct
and the tension in units of
weight (grams), a method which
dispenses with the necessity for
drawing the ordinates. The
perpendicular, graduated in’
: weight units, is applied to the
33) ';.q\\\\\s,;f;. outermost point of the curve,
9.s :'\-' and, the line corresponding to
the abscissee being applied to
the starting point, the result is

Fia. 71.—Breaking strain and
elasticity tester.

read off.

. ' . When the breaking point is
reached the sudden recoil of the spring is prevented by means
of a couple of detents. If the tension of the spring is not
great it may be released, after disengaging the detents, by
controlling the reverse movement of the cylinder B by the
hand ; otherwise the detents are left in position, and the
spring is restored to its normal tension by means of the
hand wheel and screw.
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(¢) Breaking Strain and Elasticity Tester—The sample is
evenly fastened between the cheeks C1 and C2 (Fig. 71), the
exact distance between them—which should be, say, for
example, 400 mm. (16 in.)—being ascertained at the outset
by reference to the graduations on the guide rod . The
cloth is then strained by turning the handle F until it begins
to tear, the tension being registered on the dial plate in units
of weight (e.g., kilos), The detents G preveht the pointer
from receding, and the elasticity is ascertained by the differ-
ence between the initial and final length of the sample as
measured on the guide rod E, e.g., initial lengbh 400, final
430 mm. = elasticity 30 mm.

To re-adjust the spring balance to zero, the wheel F' is
reversed until the cheeks C1 C2 can be connected by the
piece H, the spring being then drawn on slightly to loosen
the detent G, and afterwards allowed to recoil by continuing
to reverse the wheel 7.

(d) Breaking Strain Tester (by Tarnagrock:, of Essen).—
This apparatus, which has lately been adopted by the German
Official Clothing Department, is made entirely of metal, and
consists of an instrument for measuring the tensile strength
of cloth, an arrangement for measuring the elasticity, and an
arrangement for absorbing the vibration of the spring. The
tension applied at any moment is automatically indicated by
a pointer, and can be read off at any time. The vertical
form of the apparatus enables the accuracy of the scale to be
checked by direct loading with weights. 'When the sample
is fixed in position the wedges must be pressed slightly in
order to keep the cloth secure and safe. The tension is pro-
duced by turning a hand wheel, the motion of which is com-
municated by screw gearing to the spindle contained in the
pillar S, which spindle depresses the draught rod T' connected
with the lower clamp. By disconnecting the screw gearing
and connecting the cone wheels K and K, as is shown in
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Fig. 72, the lower clamp can be quickly re-adjusted to its
original, or any other desired, position, when the sample

Fie. 72.—Tarnagrocki’s cloth tester.

has been broken. For convenience of reading, the dial plate
is placed on a level with the eye, and the maximum move-
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ment of the pointer is recorded by a supplementary hand.
In setting up the machine care must be taken to have it
vertical and fixed on a firm foundation.

The method of applying the test is as follows: When the
sample strip of cloth bas been inserted sideways between the

n ‘@; |

——

Fia. 73.—Tarnagrocki’s cloth tester.

wedges of the stretcher m a slight pull on them is sufficient
to fix it securely in place. Tension is then applied by turn-
ing the hand wheel, and the pendulum P leaves its vertical
situation to take up an inclined position until breaking is
effected, its fall at that instant being prevented by detents
dropping into a toothed rod in the lower part of the apparatus.
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The detents are released on lifting the pendulum by the
handle H and giving a slight pull on the cord, and it can
then be lowered to the perpendicular.

In order:to ascertain the elasticity of the sample, a meter
for this purpose is affixed to the upper stretcher head m and
rests on a coiled spring, its fine needle points ¢ ¢ being
pressed into the sample, which should be 30 or 36 cm. (12 or
14:4 in.) long and 5 cm. (2 in.) wide.

F16. T4.—Horizontal cloth tester.

The lighter machine of the same maker (Fig. 73) varies
slightly from the foregoing, as will be apparent from the
illustration. The tension, produced by turning the hand
wheel 7, is transmitted by the gearing % to the vertical
spindle, and thence to the test strip, which latter may in
this machine be reduced to 18 cm. (73 in.) in length by 2'5 cm.
(1 in.) in width.

In an older model the test sample is fixed horizontally
between two clamps. The tension is produced by the spoke
wheel %, whereby the counterpoise g is correspondingly
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moved, as are also the pointer m and the friction pointer » on
the scale. Directly the cloth breaks, the counterpoise is re-
strained so that the breaking strain can be read off on the
scale. The counterpoise can then be lowered by releasing
the detents by a pull on the cord f, and by the winding
arrangement e.

The foregoing horizontal machine serves for testing all
kinds of driving belts, girthings, strong fabrics, ‘thin ropes,
etec. The test sample requires to be from 25 to 50 cm. (10
to 20 in.) in length and 5 em. (2 in.) in width.

In the official instructions issued to the German Army
Clothing Department® the testing machine first mentioned
is described in detail as follows :—

1. Te DYNAMOMETER,

The visible parts of the dynamometer are :—

(a) A case, of horse-shoe form, constituting the front of
the instrument, and covered with an engraved dial plate of
brass ;

(b) A cast-iron frame;

(¢) Two rods, each fitted with a clamp and hook, inside
the frame, the first being attached to the méasuring spring,
referred to below, and movable only as far as this spring
permits, whilst the other rod can be moved up and down freely ;

(@ A large screw fitting on the under side of the frame
and worked from the front of the instrument by a hand
crank, the female screw being contained in the lower part of
the second rod.

The most important part of the apparatus, however, is :—

(¢) An elliptical spring, consisting of two blades, and
connected to a pointer.

The function of the horse-shoe case is mainly to hold fast
one of the points of the spring; that of the frame to keep

1 Dienstanweisung fur die Corps-Bekleidungsamter, p. 105.
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the clamp rods in position ; that of the clamps to hold the
sample of cloth to be tested ; that of the large screw to apply
tension to the object of the test until breakage is produced ;
and that of the spring to measure such tension.

The amount of force exerted is indicated by a pointer
mounted on the axis of a cog wheel below the dial plate and
moved forward from zero by the draught exerted by a hook
fixed on the clamp rod, and actuating a rack which engages
in the small cog wheel.

The effect of the motion imparted by the larger screw is
to draw the second clamp away from the first, thereby stretch-
ing the test sample and drawing on the upper clamp, tighten-
ing the spring and moving the pointer.

‘When the cloth commences to tear, the test is finished,
and the pointer retains the position it held at the moment of
breaking, its steadiness being explained by the fact that as
the spring recoils the clamp hook is released from the rack.

The maximum position attained by the pointer is—ex-
pressed in units of weight (kilos)—an indication of the force
necessary to overcome the tension of the sample, i.e., of the
breaking strain of the material tested.

2, APPARATUS FOR MEASURING KLASTICITY.

As the stretching of the material is a necessary accom-
paniment of the breaking strain test, all that is necessary for
the determination of the elasticity is an arrangement for re-
cording it. _

This consists of a scale, graduated in millimetres, affixed
to the cast-iron frame, to which it is screwed loosely, and,
being notched, is pushed forward by a stud projecting from
the first clamp, with which it is always on a level, the
pointer being formed by a small bent rod on the second clamp.
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3. APPLIANCE FOR ABSORBING OSCILLATIONS OF THE
SPRING.

The following parts belong to the instrument, but are
not necessary to the performance of the test :—

(@) A quadrangle brass frame about the centre of the
springs ;

(b) A partly toothed brass rod under the horse-shoe case;
with

(¢) A projecting arm or angle piece at the side of the
case ;

(d) A loose rod which, passing through the case and the
brass frame, is pressed by the aforesaid arm against the
spring ;

(e) A spiral spring along the toothed rod to which it is
attached by one end, the other being held by a stay thereon;
and, lastly,

(f) A set of toothed gearing, engaging in the rack work
on the brass rod, and consisting of a segmental rack with
toothed driving gear (axis in the under frame), brake wheel
with brake cone, and fly-wheel.

These parts are only destined to take up and absorb the
oscillations of the spring at the moment the test is finished,
so as to protect the instrument from injurious jarring. This
task is performed in the following manner :—

During its tension the spring assumes an elongated form
whereby the rod accompanying the spring and pressed by
the arm acquires a certain play, and as soon as this occurs
the extended spiral spring follows its natural tendency to
contract, and so puts in motion the wheel gearing by drawing
the rack engaging with the said gear.

After the test object is broken the main spring rises
rapidly into its original position, drawing the rod with it, the
result being that the arm falls back, the gpiral spring is again
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extended, and the wheel gear reversed. In this retreat the
oscillations of the spring are taken up from the rod and
carried forward through all the parts to find an outlet in the
rapidly revolving fly-wheel, and so are rendered harmless
towards the apparatus.

The following instructions concerning the handling and
use of the dynamometer are also given ;:—

Handling.—The dynamometer should be handled with
care, and must be kept in a dry place, besides being cleaned
and oiled sufficiently to ensure its preservation and working
easily when put into use.

The best lubricant for the large screw, as well as the
pointer and wheel gear, is neat’s-foot oil, whilst rape oil is
better for preserving the spring.. A small hole for oiling
the screw is bored through the front of the cast-iron frame.

Other precautions necessary for the preservation of the
machine will be apparent from the subjoined observations:—

If the dynamometer is subjected to a heavy jar from a
blow or shock, then the spring, dial plate, or pointer may
become loosened or shifted—even though such be not
outwardly apparent—and therefore inaccurate.

Although the spring, which is contructed to bear a load
of 500 kilos (4 ton), is unaffected by high tension in ordinary
measurements, it suffers if left for a long time under very
high tension. Moreover, it will seldom stand extension at a
temperature, below freezing-point, and still less a strong
tension resulting from the rotation of the fly-wheel ; in the
former case it breaks easily, and in the latter may be forced
out of its bearings.

Finally, it is advisable, for the protection of the spring,
not to load it above 250 kilos (or 5 cwt.).

Application—The sample to be tested should be of a
certain length for determining the elasticity and a definite
width for ascertaining the breaking strain of the material,
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which sample may be taken from any convenient part of the
cloth, but must be cut either in the direction of the weft or
the warp. .

One end of the cutting is fixed in the one clamp and the
other inserted in the second clamp, the correct distance
between the two clamps being adjusted by the hand before
the second one is screwed up.

This accomplished, the screw is rotated at suitable speed
(about 100 turns a minute) by turning the hand crank until
the sample begins to tear and the pointer remains at rest on
the dial plate. In the case of many stuffs the continued
movement of the hand crank, after tearing had begun,
results in a further extension of the material before complete
separation is effected, which, however, cannot be regarded as
increased elasticity. : A

The manner of reading off the elasticity and breaking
strain has already been indicated. Nevertheless, it should
be remembered that the degress of elasticity are not ex-
pressed in millimetres as recorded on the scale, but as
centimetres, each fraction being reckoned as a whole number,
because it may easily happen that in adjusting the sample
by the hand the stuff is stretched rather more than is
absolutely necessary.

Before proceeding to a new test, the pointer must be
readjusted opposite the zero mark on the dial, and the brass
scale on the iron frame pushed back until its zero point is
exactly on a level with the first clamp.

After the machine has been lying idle for a long time it
is advisable, before commencing the tests, to gradually stretch
some solid body, such as zinc plate, several times (say, twice
under a load of 200 kilos and thrice under 80 kilos, tension)
in the machine, in order to restore the spring to its normal
length, since, when at rest, it is inclined to alter (contract).
It may be assumed that under a constant temperature a not
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unimportant alteration of this nature may occur within a
few hours, and in a much shorter time under sudden
fluctuations in the weather.

‘When frost prevails the tests should be performed in a
heated apartment, as the machine cannot yield accurate
results when under the influence of cold. As a rule, the
room temperature is regulated to about 15° R. (68° F.), and
the testing commenced only after the machine has been
exposed to that temperature for one or two hours.

From the results obtained with the test sample the
breaking strain and elasticity of the material are calculated
to the total length (warp) and width (weft) of the piece of
cloth in question.

In accordance with the conditions of the specification, a
- piece of the cloth 9 cm. (36 in.) wide and at least 38 cm. (15
in.) long is measured off on the piece by the aid of a super-
imposed rule, and, after making an incision at both sides,
torn off by hand, then doubled over in the width, and fastened
in the machine, the distance between the clamps being ad-
justed to 30 cm. (12 in.).

Accurate measurement of the width is a prime essential
condition, since the breaking strain increases with the size
of the section, and hence every thread has a definite value.
It should, moreover, be recalled that irregularities in ad-
justing the material in the machine or in turning the crank
may cause.inaccuracy in the results of the test.

The officials are also instructed to check the breaking
strain results given by the dynamometer, by the aid of a
spring balance, the regulations prescribing :—

1. The spring balance is attached in the same manner as
a sample of cloth, so that the zero point on its dial is next
the lower clamp of the dynamometer, in order to facilitate
reading off the power employed. It is also necessary that
the balance should be carefully adjusted and screwed up.
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Up to a tension of 40 kilos (88 lb.) the position of the
balance can be disregarded, but from this point onwards it
must be perfectly level, and the box should not touch either
the iron frame or the large screw; this is most conveniently
controlled by drawing a sheet of paper lengthwise between
the box and the screw. If there is contact at any point the
evil may be easily remedied by adjusting the spring balance,
or by screwing it up again, or by suitably bending the brasses -
until the balance assumes its proper position.

2. Each testing performed at medium temperature (68°
F.) must be preceded by a few determinations made with
strips of cloth in the spring balance itself, but in order to
avoid straining the spring of the latter it should not be ex-
posed to a higher tension than 100 kilos (220 1b.).

3. Only the results of the dynamometer between 40 and
70 kilos (88 and 154 lb.) need be tested, differences mani-
fested in more extended tests being considered as unimpor-
tant. N

4. If the results of three to five consecutive tests with the
dynamometer agree in each case with those of the spring
balance, or, on the other hand, va.ry among themselves, or
are concordant but disagree with those of the balance, then
the dynamometer must in the first instance be looked upon
as correct, in the second as defective and unreliable, and in
the third as inexact but still usable. In the latter event, if
the difference cannot be adjusted it must be determined
exactly and taken into account in judging the results of the
tests.

5. The spring balance itself must be subjected to a pre-
liminary examination at the prescribed temperature by load-
ing it several times with weights of 40, 50, 60 and 70 kilos
(88, 110, 132 and 154 lb.). If the balance does not weigh
true it should be sent to a skilled mechanic for examina-
tion.
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III. DETERMINING THE NUMBER OF WARP AND
WEFT THREADS IN A FABRIC.

Every fabric must contain a certain count of warp and
weft threads, i.e., a definite number within a certain space
for each strength of yarn (yarn number) employed. The
closeness or density of the texture of the material is considered
as falsified when less than the requisite number of warps is
present in a given width, or when the number of wefts (picks
or shotts) per yard or metre is changed, or again when the
prescribed yarn number is replaced by a lower one.

In order to ensure the even distribution of the warps the
weaver employs a ‘“reed,” which also serves to beat the
wefts, the distribution of the weft threads being controlled
by the regulator affixed to the loom, so that by means of these
two appliances any determined closeness of texture or density
can be produced in the fabric.

- (a) Determining the Number of Warp and Weft Threads.
—This is affected by counting the warp and weft threads by
the aid of a lens, the base plate of which is pierced by an
opening of definite size. The English standard is 1 in., and
the metric standard 1 em. (0-3937 in.).!

() Determining the Warp Threads.—The same procedure

[

is adopted.

IV. DETERMINATION OF SHRINKAGE.

Shrinkage exerts an important influence on the value of
a fabric. Its extent is determined by pouring hot water
over a piece of cloth 50 cm. (19°66 in) by about 30 cm.
(12 in.) wide, and leaving the latter immersed overnight, to
be afterwards dried at a moderate temperature without

1 Translator’s Note.—To determine the count of cloth for customs duty in
France, where the tariff is based on the number of threads in a space of 5 sq.
em., it is advisable to employ a stencil cut to & square of 5 cm. side.
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stretching, the ensuing decrease in length giving the shrink-
age, which is usually expressed in percentages.

Military cloths should not shrink more than 54 per cent.
in the length (5°5 cm. per 1 m.) and 4'2 cm. (1 in.) in the
total width of the piece.

Other goods, which are also manufactured for army pur-
poses, generally shrink as follows:—

Drills - - - 4-5 cm. (p.c.) in length and 1-2em. (0'4-0°8 in.) in width
Linings - - - 810, ., . ., . 34, (1216in), .,
Fustian - - - 28 5 4 4 » 12 ,, (04-08in.),,
Flannel - S = GOy S e o , 45 ,, (1'6-2in.) ,, ,,
Calico for invalids’ shirts8-4 ,, ,, ,, ,, » 1-2 ,, (0-4-0-8in.),, ,,
Calico for drawers - R s e e (nil)

DETERMINING THE THICKNESS oF CLOTH.

In order to be independent of the (unreliable) estimation
of thickness of a cloth by the “ feel,” an apparatus consisting
of a pair of discs connected by a micrometer screw graduated
in millimetres (0:03937 in.) is employed.

V. EXAMINING THE CONSTITUENTS OF THE
WARP AND WEFT. WEIGHING.

A piece of the cloth about 1 in. square is cut out and dis-
sected into warps and wefts. The piece must be large enough
to contain specimens of all the different kinds.of yarn present
in the material, and all doubled threads must be untwisted
and the individual threads examined.

The further examination is conducted in the manner pre-
scribed in a previous section, the dye or dressing being re-
moved by boiling in water, dilute acetic or hydrochloric acid,
or dilute caustic alkali, etc., and the preparation ‘afterwards
made submitted to microscopic examination, with or without
the assistance of various solutions employed for staining or

moistening the fibre.
10
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WEIGHING ON THE BALANCE.

For buyers and sellers of goods, who—when, for example,
travelling—require to ascertain the weight of an article
quickly, a pocket balance has been constructed by Zetsche
of Gera, which will indicate the weight per square yard or
square metre of a small sample cut by the aid of the stencil
appertaining to the instrument. A second stencil enables
the weight of extra heavy cloth to be determined. This
balance saves the tedious operation of calculating the weight
from the count of warp and weft and the yarn numbers. It
is also constructed for use as a stand balance with two
stencils and separate scales to show the weight in grams per
square yard or square metre.

DETERMINING THE WEIGHT OF CLOTH FROM THE COUNT
AND THE YARN NUMBER.

The weight of a square metre of cotton cloth is found
from the number or warp and weft threads and the (metric)
yarn number by the following formula :—

G=o0 S5,

G being the weight of 1 square metre of cloth, K the number
of warp threads per 1 cm., S that of the wefts per 1 cm., and N
the yarn number. If these numbers are different in warp and
weft, the arithmetical mean of the two is taken. Thus, for
example, the weight of a piece of cotton cloth 36 metres in
length and 85 cm. (33} in.) wide=306 sq. m., made of No.
20 warp and No. 24 weft, with 22 warp threads and 24
wefts per I sq. cm., is:—

60 x 22 x 24

1 sq. m. weighs 59

= 1254 grams;

therefore, 30°6 metres weigh 3-8 kilos.
The weight will be increased somewhat in the rough
cloth by the sizing and in finished goods by the dressing.
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The weight of the goods and the count of yarn threads
being known, the yarn number is deduced by the formula

_ 60(K + S)
N = —G—-
The weight of linen piece goods is reckoned by the

formula

K+8
G—IGST

and, conversely, the yarn number is found from

K+8
N = 168 GRS

DETERMINING THE WEIGHT OF THE INDIVIDUAL CONSTITUENTS OF
THE CLOTH. QUANTITATIVE CHEMICAL ANALYSIS OF THE FABRIC,

1. Mized Fabrics Containing Wool and Cotton.

(a) Estimation of Moisture—Five grams of the fabric are
dried at 100° C. until the weight is constant, the loss indi-
cating the amount of moisture present.

(b) Estimation of Cotton.—Five grams of the stuff are
taken and boiled for } hour with 100 c.c. of 1 per cent.
caustic soda solution, then washed with water and treated
with lukewarm 10 per cent. potash solution, or caustic -
potash, until the wool fibres are decomposed ; or the liquid is
finally raised to boiling heat. Washing with water is next
performed and followed by treatment for } hour with hy-
drochloric acid in the water bath; then another washing
with water, boiling 1 hour with distilled water, washing
with alcohol and ether, and finally drying at 100° 1C. until
the weight is constant. The residue is cotton.

(c) Estimation of Wool.—Five grams of the cloth are boiled
with 100 c.c. of soda solution for § hour and washed with
water ; then steeped for 2 hours in 58° B. sulphuric acid
and washed with water (to prevent the fibre from heating).
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After boiling for another } hour with water, wash succes-
sively with water, alcohol and ether, and dry at 100° C.
until constant. The weight is that of the wool.

(d) Dressing and Dye are found by difference.

2. Mized Fabrics of Cotton and Silk.

(a) Estimation of Moisture : as above.

(b) Estimation of Cotton: as above.

(¢) Estimation of Silk.—Five grams of the stuff are boiled
for 3 hour in 100 c.c. of soda solution, washed with water
and treated with hydrbchloric acid in the water bath.
‘Wash with water and boil 4 hour with distilled water, then
boil with alcohol and ether. Dry at 100° C. and weigh.
Next steep in boiling zinc chloride solution for an hour,
wash with acidified water, then with water, alecohol, and
ether, and dry finally at 100° C.  The difference between
this weight and, the preceding one gives the weight of the
silk.

The silk may, however, be estimated much more rapidly
(viz., in about ten minutes) by means of Liéwe’s reagent,
this liquid dissolving silk very quickly, but having very little
action on wool and cotton.

(d) Dressing and Dye: as above.

3. Mized Fabrics of Wool and Silk.

(a) Moisture, (b) silk, (¢) wool, and (d) dye and dressing,
are all determined as above.

4. Mized Fabrics of Cotton, Wool and Silk.

These estimations are all effected as already described.
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ANALYSIS OF VARIOUS QUALITIES OF UNBLEACHED
COTTON GOODS.!

1k II. IIL v, V. VI.

Material :—
Fibre - - - per cent. | 47-29 | 53-:02 | 6075 | 70-84 | €051 |81-78
Normal moisture - 3 411 461| 528 616 7-02| 7-11
Weight of cloth - . 51-40 | 57-63 | 66°03 | 77-00 | 87-53 18889
Dressing :—
Water - - - o 6:01] 502! 465 307({ 2:001| 289
Dressing and fat - 5 1277|1386 | 13-33 | 12:43| 8-30| 333
Mineral matter - 29-82 | 23°99 [ 1599 | 750 2-16| 4°89
Weight of dressing - 5 4860 | 42-37 | 3397 | 23-00 | 1247 |11-11

The normal moisture being 8 per
cent., the excess of moisture is
therefore - - - percent.| 212| 163 193} 1-23| 1-03| 200

Mineral substances :—

China clay - - -  -|much| 1083|1145 mainly

Manganese chloride - - - | little | 2-42 |traces| — - - —

Calcium chloride - - - - 043 | 250 — - e

Zinc chloride - - - - | little | 6°06| 204 {traces| — -
-

Sodium chloride - - - traces

VI. DETERMINATION OF THE DRESSING.

During the various operations of washing, bleaching,
etc., the goods lose in weight, so that the manufacturer is
constrained, in order to produce a marketable article, and at
the same time indemnify himself for the deficit in weight, to
employ a moderate amount of loading. Dressing is there-
fore not always to be regarded as an adulteration, but is,
for the most part, solely an embellishment.

According to Hoyer, cotton goods in the rough should
consist of 83 per cent. fibre, 7 per cent. natural moisture,
8'5 per cent. starch, fat (used in softening the yarn), and

! Thomson, Sizing of Cotton Goods (1877), p. 150.
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about 1'5 per cent. ash. After washing and bleaching, how-
ever, only 78 per cent. of fibre is left, and therefore, by the
addition of dressing, the finished cloth consists of 78 per cent.
fibre, 7 per cent natural moisture, 7 per cent. starch and
75 per cent. mineral matter. The reduction of the per-
centage of fibre below 78 per cent.in the ordinary con-
dition, or 85 per cent. in the dry state, should therefore be
inadmissible.

Linen should be finished without any dressing, or at
most with starch (no mineral matter), so that it loses not
more than 2 to 5 per cent. when boiled.

Fabrics consisting of carded wool "'yarn are not dressed,
but contain water by reason of their hygroscopic properties.
Sometimes this faculty is increased by the addition of hygro-
scopic materials. Also in thick stuffs the fulling from shear-
ings is found.

Worsteds are also frequently impregnated with hygro-
scopic substances.

In the process of silk manufacture the admixture of
extraneous substances is practised to a considerable extent,
the threads being sometimes loaded to as much as 400 per

- cent. before weaving.

Accurate classification of the dressing by the appearance
and feel of the goods is scarcely possible, since with the
changes of fashion new stuffs appear with a finish for
which a special designation must be found in each case.
Well-known names for finish are: dull finish, gloss and
high lustre finish, filling and covering finish, moiré finish,
hard and soft waterproof finish, light, loose and thin finish,
in contradistinction to heavy and full finish, moist and linen
finish, elastic and stiff finish and so on.

Various dressing materials are used to produce any
determined finish, starch, flour, and mineral matters being
most frequently employed, especially, on the one hand, to
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give the goods stiffness and “feel,” and, on the other hand,
to conceal defects in the cloth, give a solid appearance to
goods of open texture, and at the same time improve their
weight, the latter practice being often pushed to extremes,
for example, in the cotton industry.

When a fabric filled in this manner is placed in water
and rubbed between the hands, the dressing is removed,
and the quantity employed can be easily determined in this
way. The mineral substances used serve chiefly for filling
and weighting, and necessitate the simultaneous employ-
ment of a certain gquantity of starch, flour, glue, or other
agglutinant matter. In order that the latter may not render
the cloth too stiff and hard, further additions of some
emollient, such as glycerine, fats, oils, soaps, etc., are
necessary. The dressing is coloured blue by means of
ultramarine, indigo carmine, etc., and it is also important to
add some antiputrefactive or antiseptic substance to prevent
the development of fungi and moulds. Wax stearin and
paraffin are used as being the only substances capable of
developing a high lustre in calendering, pressing, etc.

The largest number and greatest variety of dressings are
used for cotton and mixed cotton goods in' greater or smaller
proportions. For the most part flour, starch and some
weighting material predominate, the additions of glue,
gelatin, tallow, wax, soap, paraffin, antiseptics, colouring
matters, etc., being but small. Acetate and sulphate of lead,
alum, china clay, glucose, etc., are used for weighting.

For dressing wool goods preference is given to Carraghen
moss ; also glue, gelatin, dextrin, starch, albumen, water-
glass (alkali silicate), ete.

Velvet, when dressed at all, is treated with gelatin gum-
arabic, tragacanth, etc., on the under side of the cloth.

For silk finishing, flea-wort, tragacanth, gum-arabic,
shellac, gelatin, etc., are employed.
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From these general observations we will proceed to
describe the performance of the tests for identifying the
dressing materials employed.!

1. PHYSICAL EXAMINATION.

‘Whether a fabric is finished on one side or impregnated
with dressing will be detectable at once, as well as whether
it is glazed or merely calendered. By holding the goods
against the light starch dressing will be recognised, and
such goods if rubbed between the fingers will lose their
stiffness. TLoading is revealed by the evolution of dust on
rubbing; and by the aid of a magnifying glass it can be
easily ascertained whether the covering of dressing is merely
superficial, or penetrates into the substance of the fabric,
and also whether it contains mineral substances or not.

2. CHEMICAL EXAMINATION.

(@) Determination of Water.—A weighed quantity of the
fabric is dried at 100° C. until the weight ceases sensibly to
decrease. The weighings must be performed in tightly
closed glass vessels, the dried fibres being very hygroscopic.
The difference between the first and final weighings gives
the amount of water; when this is comparatively large a
high degree of weighting may be suspected, since starch
absorbs much more water than the pure cotton fibre.

() Determination of the Exztraneous Substances.—A
Welghed and thoroughly dried piece of the fabric, about 10 sgq.
in, in size, is treated at boiling heat with malt extract, washed,
dried and weighed, the loss in weight being that of the
extraneous matter. As a few insoluble soaps may be left
_behind, the sample is boiled for a short time in dilute acid,
and reweighed after drying.

After this it is necessary to ascertain the nature and

1 Depierre, Appretur der Baumwollegewebe, p. 489.
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quantity of the various dressing materials, to which end the
fabric is boiled for several hours in water, whereby starch,
gum, and all thickening materials, together with the soluble
salts and the earthy bodies, are loosened from the fibre.
After removing the fabric the residual liquid is filtered, the
filtrate and residue being then examined in detail.

(@) Examination of the Filtrate.—The liquid being con-
centrated, a few drops are taken and tested with dilute
tincture of iodine: a blue to red violet coloration denotes
starch. '

" After further concentration from 2 to 3 vols. of alcohol
are added, which will precipitate, in addition to a series
of metals, glue, dextrin and gum.

Glue is precipitated from its solution in water by a solution
of tannin.

Gum and dextrin may be distinguished by their polari-
meter reading, the former giving a levo-rotation and the
latter a dextro-rotation.

When both are present, the aqueous solution on treating
with lead acetate deposits gum in the cold, both being pre-
cipitated in the warm. If the liquid contain an organic
body giving no precipitate in this test, the presence of
Carraghen moss, Hai-tao, is concluded.

One portion of the concentrated liquid is warmed on the
water bath with a few c.c. of hydrochloric acid (the flask
being fitted with an inverted condenser), and is then tested
for sugar with Fehling solution.

For detecting the soluble salts, such as alum, zinc chloride,
etc., that may still be present, the ordinary chemical tests
(see below) are applied.

One part of the liquid is now evaporated to dryness and
treated with acid potassium sulphate. An odour of acrolein
indicates the presence of glycerine.

(B) Examination of the Residue.—This contains the earthy
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weighting and filling materials, such as China clay, gypsum,
lime, etc., insoluble in water.

(v) Ezamination for Fat and Resin.—A sample of the fab-
ric is boiled with soda solution and the filtrate precipitated.
When fat is present a layer of fatty acid floats on the sur-
face, whilst in the case of resin a precipitate of sylvic acid is
formed.

To determine the fat quantitatively a sample of the cloth
is treated with water-free ether in a Soxhlet extractor, the
evaporation residue being weighed.

For practical purposes the quantitative analysis of dressing
mixtures is generally of little importance, since the finisher,
when the approximate quantitative composition is known,
can easily determine the quantitative ratio of the constituent
parts by a few trials.

The mineral constituents of the dressing may also be de-
termined from the ash as follows: A sample of the fabric to
be tested is incinerated and calcined in a porcelain crucible
and the ash boiled with nitric acid. If effervescence ensues,
the presence of carbonates of the earths is indicated. The
filtrate is evaporated to dryness on the water bath, the
residue dissolved in dilute nitric acid and filtered from the in-
soluble portion, the liquid being then treated with sulphuretted
hydrogen ; a black precipitate indicates lead.

Confirmation of the presence of this metal is obtained by
dissolving the precipitate in nitric acid and adding potassium
bichromate.

After filtering off the precipitate produced by sulphu-
retted hydrogen and removing the excess of the latter by
boiling the filtrate, 4ron is sought for by adding ammonia
and ammonium sulphide, and the filtrate from any resulting
precipitate is tested for barium, calctum and magnesium, to
which end the filtrate is treated with hydrochloric acid to
decompose the ammonium sulphide and heated to drive off
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sulphuretted hydrogen, and is then rendered alkaline by
ammonia and treated with ammonium chloride and car-
bonate. Any precipitate formed is filtered, washed, dissolved
in dilute hydrochloric acid, and calcium sulphate solution
added to the liquid. An immediate precipitate indicates
barium, whilst the absence of such points to calcium, the
presence of which can be confirmed by ammonium oxalate.

The filtrate from the precipitate produced by ammonium
carbonate, or, if such precipitate be lacking, the solution
containing that reagent, is tested with sodium phosphate for
the presence of magnestum.

Should there be any insoluble residue from the original
treatment of the ash with nitric acid, it may contain silica,
barium sulphate, tin oxide, gypsum, clay or iron oxide. It
is therefore boiled with soda solution, whereby silica is
rendered soluble and gypsum is decomposed, and is then
filtered. After washing, the deposit is treated with cold
dilute hydrochloric acid and tested for iron and calcium
in the manner already described. The filtrate is acidified
with hydrochloric acid and evaporated to dryness, the
residue being then taken up with water and hydrochloric
acid. Any insoluble residue of silica is filtered off and the
liquid tested for sulphuric acid by barium chloride.

The residue undecomposed by soda solution, or soluble
therein but insoluble in hydrochloric acid, and which may
contain barium sulphate (heavy spar), clay or tin oxide, is
dissociated by fusing with a ten-fold amount of dry soda
in a porcelain crucible, the mass being then treated with
sodium bicarbonate and water, and filtered. The washed
precipitate is boiled with strong hydrochloric acid, and
sulphuretted hydrogen is added to the liquid. A yellow
precipitate indicates tin. This is filtered off, and one-half
the filtrate is tested for alumina with ammonia, the re-
mainder for barium with sulphuric acid. From the filtrate
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from the fused mass silica (proceeding from the decomposition
of magnesium silicate and sodium silicate, waterglass) is
precipitated by concentration after the addition of hydro-
chloric acid, the filtrate being tested for sulphuric acid by
barium chloride.

VII. ESTIMATION OF THE WATERPROOF PRO-
PERTIES OF CLOTH.

The various fabrics, and particularly cotton, linen and
hemp goods, are rendered waterproof by coating or impreg-
nating with various substances. So, for example, use is made
of solutions of caoutchouc or guttapercha with addition of
pitch, resin, linseed oil, varnish or oil ; solutions of fat, paraffin,
or tar in benzol or carbon bisulphide, and solutions of ferrous
sulphate, cupric sulphate, alum, aluminium -acetate (with or
without subsequent soaping) being employed for impreg-
nation. A number of formule for the manufacture of these
waterproofings are in existence, some being public property,
others protected by letters patent, and others again carefully
kept secret. '

All that we have to deal with in this place is the testing
of the results attained thereby.

The official regulations of the (German) Clothing De-
partment prescribe for sailcloth the following tests: A piece
of the cloth 25 sq. cm. (4 sq. in.) in size is folded twice,
like a paper filter, and placed in a suitable glass funnel,
where it is subjected to the pressure of 300 c.c. of water. At
the end of 24 hours nothing more than a number of equally-
distributed drops of water should be perceptible on the under
surface of the filter, without the stuff being wet through.
This test may of course be performed on other classes of
goods.

An apparatus for .testing the waterproof qualities of cloth
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has also been constructed, wherein a column of water 12
in. (3084 cm.) high is allowed to act upon the test sample
of cloth, the amount of water passing through the sample
being collected in a graduated glass placed underneath. The
pressure can, of course, be also adjusted in a simple manner
to twice the above-named height. This apparatus (Fig. 75),
constructed by Gawalowski of Briinn,
may be described as follows:—?!

A quadrilateral glass box with leaded
edges is provided with a tight-fitting
door in front and a tight-fitting lid
pierced by four apertures, and is divided
into two parts by a glass partition. An
air hole 1 mm. in diameter is bored
through the cover on one side, and
through another aperture is inserted a
burette, a third opening permitting the
insertion of a thermometer graduated
to fifths or tenths of a degree. The
burette, 15 in. (37 em.) in length, is
graduated, and fitted with a cover at
the top, the lower extremity being
closed by a metal attachment resem- c -

o 3l g . Fie. 75.— Gawalowski’s
bling a polarising tube; but instead of waterproof tester.
a glass disc, as in such tubes, the sample
of cloth under examination, cut to the correct size, forms the
cover. A slanting outflow is cut through the metal attach-
ment, under which is placed, in the glass case, a small
measuring glass, graduated into at least 5 to 7 cm. The
funnel placed thereon can be closed by means of a ground
glass disc containing a small central air hole.

As is shown in the figure, a second thermometer is passed
through the cover, and a twenty-four hour sand glass or

[T ENENNIE]

(-"“"'G@f - !' i 'U <

1 Leipziger Monatschrift, 1893, p. 221.
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other instrument for recording time (fitted, if necessary,
with a signalling apparatus) is placed in the glass case.

The apparatus is manipulated in the following manner :
A circular disc is cut or punched out of the sample of cloth,
and fixed in position in the metal attachment, the passage
of water around the edges being prevented by india-rubber
rings. The door being then tightly closed, the tube is filled
with distilled water up to the zero point, and the time
required for the transfusion of a certain quantity of water,
or the quantity of water passing through within a certain
time (twenty-four hours), is noted. If no appreciable quan-
tity of water passes, but a little moisture has collected on
the under side of the sample, this will be indicated at the
end of twenty-four hours by the differential reading of the
two thermometers. The inventor of the apparatus has, in
this manner, tested a large number of various samples, and
found that many of the articles allowed from 1 to 6 cm. of
water to pass through after a lapse of five hours; others
again in sixteen, eighteen, and twenty-three hours; others
again passed so much in five hours that the collecting vessel
was filled to overflowing, and finally other samples were so
thoroughly waterproof that even after an exposure of some
weeks the amount of moisture transfused was so small that
nothing beyond slight variations between the readings of the
two thermometers was perceptible.

VIII. DETERMINING HYGROSCOPICITY.

Reference has already been made, in treating of the con-
ditioning of yarn, to the importance of estimating moisture.
The percentage of moisture can be increased in the case of
wool fabrics to 32 per cent., silks to 27 per cent., cottons to
25 per cent., and linens to 22 per cent., by suitable pro-
cedure, such as storing the goods in damp rooms or by
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using certain hygroscopic dressings, without the goods, how-
ever, feeling damp. A

To determine such moisture about 5 grams of the fabric
are dried in the manner already described—preferably in a
weighing bottle—at 100° C. in a drying oven for one to two
hours, until the sample ceases to lose weight.

IX. TESTING THE FASTNESS OF THE DYE.

The demands made on the permanence or “ fastness” of
dyes are manifold. Since, however, absolute permanence is
unattainable, the term has to be somewhat limited and
qualified with the designation of the influence to be with-
stood, such as light, air, wear, washing, etc. Dyes for
military cloths, which when in wear are exposed during the
grearter part of each day to the influence of light and air and
frequently to rain, must stand different tests, as regards fast-
ness, to such as are applied to goods like valuable silks,
which are rarely exposed to the sun’s rays, are but seldom
worn, and then only in an artificial daylight. In curtains
and carpets the capacity to withstand the action of light is
the chief essential, whereas in underwear the colours must
stand the effect of soap in washing, and in the case of
stockings it is necessary that the colours should not come
off whilst in wear. No special fastness towards light is
demanded of coloured linings, but on the other hand they
should not stain in wear, and must be able to resist the
action of perspiration, and the same applies to mattress and
corset fabrics, etc. One requirement frequently made in
respect of dress materials is that the colour shall not fly
under the influence of street mud.

In requiring fastness of colour, regard should be had to
the material of which the fabric is composed, In the case
of shoddy or inferior woollen goods that are only intended to
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wear for a short time, expensive, permanent coloars that
would last longer than the cloth itself will not be needed.
On the other hand, a correspondingly high quality of
material and capacity of resistance to light and air are
rightly demanded in the case of military cloth, which is
exposed to a deal of rough wear.

So far as the dyes themselves are concerned, they can be
determined on the fabric with a greater or smaller degree of
facility, the examination necessitating, however, some ac-
quaintance with dye stuffs and methods of dyeing.

Reference is here necessary to a very common error, viz.,
that the same dye is equally permanent on all fibres. A
consideration of the different chemical constitution of the
fibres will explain why indigo carmine, for example, is very
fast on silk, but not at all so on cotton. Another circum-
stance of frequent occurrence should also be mentioned,
viz., that a fast colour when used in diluted condition for
dyeing light shades is less permanent than when used for
dark shades, a good example of which is afforded by the
alizarine colours, which are faster on wool than any other
dyes, but which are less permanent when used for the pro-
duction of mode colours than for dyeing darker and rlcher
shades.

The tests for permanence in dyes are applied as follows :—

(a) Washing Fastness.—Colours to be proof against
washing must be able to stand both the mechanical friction
as well as the action of the alkaline liquid and high tem-
perature of the operation. If, under these condltlons the
colour remains almost or quite unaltered, and does mnot
stain other coloured or white fabrics washed in contact
with it, it is said to be fast under washing.

For the purpose of testing this quality, coloured yarn is
plaited with white yarn, or a cutting of the fabric under
examination is taken, and immersed in a solution of 5 grams

UL DINRSNRT N e e
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of soap in 1 litre (0'8 oz. per gallon) of distilled water, and
pressed therein for two or three minutes at 40° C. (hand
temperature), then left for twenty minutes in the solution,
rinsed and left for another twenty minutes in the rinsing
water, to be finally wrung and dried.

If the colour ought to be particularly fast the soap
solution is heated to 55° C., and the treatment repeated
several times over. '

This test is applicable to fabrics, whether composed of
wool, cotton, or a mixture of both.

(b) Fastness under Friction.—Colours on stockings, hosiery
yarns, corset stuffs and other fabrics intended to be worn
next the skin, must be permanent under friction, and must
not rub off, stain or run, i.e., the dyed materials must not
give up their colour when worn or in rubbing contact with
white or light coloured articles of clothing or the human
epidermis.

The test consists in rubbing the material by hand on
white—not too smooth—paper, or, betier still, on a white
unstarched cotton fabric. In order to obtain reliable, com-
parable results, the rubbing must be equal in all cases, and
friction surfaces of as near as possible the sarne constitution
should be employed.

(¢) Resistance to Perspiration.—In addition to fastness
under friction, power to withstand the action of perspira-
tion is also required, more particularly in stuffs coming in
contact with the human skin, and having to absorb the
excretions therefrom. This action is intensified by the
warmth of the body, by friction, and above all by the fact
that the perspiration in the absence of air is obliged to dry
with all its constituent matters on the absorbent fibres, and
that by the frequent repetition of this process the acids
. of perspiration (acetic, formic and butyric) become so con-

centrated that they act destructively on the fibre.
11
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The effect of perspiration on stockings which are re-
peatedly worn during prolonged journeys on foot can be
estimated. For testing a colour it has been recommended
to place a piece of the dyed material on the back of a horse
beneath the saddle and examine the effect of a brisk ride, or
the test may be performed as follows :— -

A bath of dilute acetic acid—containing about 6 c.c. of
30 per cent. acetic acid in 1 litre of distilled water—is pre-
pared and warmed to a temperature (37° C.) corresponding
to that of the body. In this the sample is dipped and
rubbed vigorously with the hand, being then dried, without
rinsing, at 20° to 25° C. between parchment paper. This
operation is several times repeated, and the more frequently
this is done the nearer will the test approximate to actual
conditions of wear.

(d) Fastness against Rain.—This quality is more par-
ticularly required in silk materials for umbrella making.
The skeins of silk intended for the manufacture of such
fabrics are tested by plaiting them with undyed yarns,
and left to stand all night in cold, distilled water. The
water should not be more than slightly discoloured, where-
as the white yarn should not be stained in the least. For
woollen and worsted yarns this test is occasionally made more
stringent ; the yarn is plaited with undyed yarn to a queue,
and then boiled for ten minutes in water. When wrung and
dried the colour should not have deteriorated, nor should the
white yarn be stained.

(e) Resistance to Street Mud and Dust.—This quality is
specially exacted for ladies’ dress goods, and is tested as
follows :—-*

1. Sprinkling the moistened sample with lime and water,
drying and brushing. o

2. Sprinkling with a 10 per cent. solution of soda, dry-
ing, brushing and noting any change of colour.
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3. Ammonia Test—Immeoarsing the fabric in concentrated
ammonia for three minutes and observing the colour both in
the damp and in the dry state.

4. Ten grams of soda are dissolved in 1 litre of water and
mixed with 10 grams of lime—previously slaked and reduced
to milk of lime by the addition‘of water—and 12 c.c. of am-
monia. After stirring well up together, the mixture is left to
settle, the supernatant liquid poured off, and the residue em-
ployed for steeping the sample for five to ten minutes, after
which the latter is dried without rinsing, and is finally
brushed, any alteration in colour being noted.

(f) Fastness to Weather, Light and Air.—Every shade
of colour succumbs to the influence of the sun, light and
air, although in some cases it is only after prolonged
exposure that fading becomes noticeable. The degree of
permanence can only be determined);iby exposure to
light, to which end one-half of the sample is covered with
a closely surrounding, but readily movable, paper wrapper,
and the whole suspended in the open air in such a position
that it is fully exposed to the sun’s rays, but [sheltered from
rain. The object of the paper wrapper is to enable (by re-
moving it at any time) the degree of alteration effected by
the exposure to be ascertained. A piece of cardboard to
which a number of samples can be attached, and then half
covered by bending over the upper part of the card, forms a
convenient means of effecting a test for fastness to light. In
order to establish a time standard of the fastness to be ex-
pected from any dye stuff under these conditions, normal
check tests are made with one or two colours of known per-
manence, e.g., Turkey red or a medium,indigo blue on cottons.
The samples should be examined daily in order to ascertain
the exact time when alteration begins. 1In the case of Turkey
red this will be on the 25th to 30th day, and between the 12th
and 15th days for indigo, in summer, or double these periods
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in winter time. The fastness of other colours can then be
estimated in comparison with these.

Attempts have been made to set up standard degrees of
fastness, according to which colours that remain without ap-
preciable alteration after an exposure to direct. summer sun-
light for about a month are classified as “fast,”” and those
undergoing appreciable change under the same conditions as
“fairly fast ”’. * Moderately fast ” colours are those altering
considerably in 14 days; and, finally, those more or less
completely faded in this latter term are designated as ‘‘ fleet-
ing”.

A ‘“light-test ” apparatus for quick determinations has
been devised by Ferd. Victor Kallab of Offenbach. The
samples to be tested are suspended vertically in the ap-
paratus and continuously exposed to the sun’s rays, the
position of the apparatus being changed in conformity with
the apparent movement of the solar orb. The action of the
rays is strengthened by concentration on a small surface by
the aid of a lens 200 mm. (8 in.) in diameter, and with a
focal length of 420 mm. (16} in.).

Professor von Perger of Vienna proposes a testing ap-
paratus consisting of a plano-convex and a bi-convex lens,
the former, with its flat surface turned towards the light
serving to parallelise the rays of an arc lamp, situated at
the focal length of the lens, which rays encounter the
second lens placed in their path at a suitable distance
away. A metal disc placed at a point between the second
lens and its focus receives the sample to be tested.

In modern times the importance of fastness to light is so
fully recognised that enterprising firms interested in the
quality of dye stuffs are not content merely to subject them
to tests in the northern latitudes. The more searching sun-
light of places such as Egypt is largely brought into use for
effecting tests.
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In estimating the capacity of a dye to withstand weather,
the country where the material is to be worn must be taken
into consideration, since the climate and seasons of various
latitudes exert a considerable influence on the rate at which
a dye will fade from one and the same material. Thus it is
certain that, for example, the colour will be more strongly
affected in a given time on the sea coast than in inland dis-
tricts, and that dark colours are not so durable in southern
countries as in northern climes. Permanence is, further-
more, influenced by the material on which the colour is dyed ;
on poor material, e.g., shoddy, the same degree of fastness
cannot, by reason of the price, be expected as in stuff of
better quality. Finally, it will be noticed that deep, full
colours do not fade so rapidly as light shades.

(9) Resistance to Ironing and Steaming.—Stuffs, especially
for men’s wear, which are to come under the hands of the
tailor, and corset materials should not lose their colour when
ironed, or, at any rate, the colour should recover its original
appearance after a short exposure to the air. 'This is tested
by hot ironing a sample or by drying it on a hot metal plate.
In the same manner, capacity to withstand steaming is
demanded of many cloths, this latter property being deter-
mined by steaming a sample laid between the folds of a
larger piece of steamed cloth, during which operation the
colour should remain unaltered.

X. MEASURING THE LENGTH OF PIECE GOODS.

For the rapid and accurate measurement of narrow and
wide piece goods various machines, some of which fold the
material at the same time, are recommended. The simplest
method of measuring is to pass the goods over a roller and
read off the length recorded by a counter affixed thereto.

A very useful measuring apparatus is that displayed in
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Fig. 76. According to the nature of the stuff to be measured,
the periphery of each of the measuring wheelsis fluted, covered
with fish skin, or studded with pins, whereby sufficient ad-
hesion to the material is ensured to keep the latter from
slipping by the wheels without moving them. Injurious
friction 1s prevented by counterpoising the main shaft, and
the machine is fitted with a universal joint which enables it
to be moved in any direction. By an interchange of wheels

F16. 76.—Cloth measuring machine.

the machine can be employed for measuring adcording to any
system. In the case of light materials, only one measuring
wheel is employed.

XI. DETERMINATION OF MORDANTS AND DYES.

It is frequently desirable to be able to determine the dye
stuff by a few tests, the difficulties in the way of such simple
determinations being, however, as will readily be under-
stood, considerably increased by the manifold methods em-
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ployed for fixing the colours on the fibre, and also by the
incessantly increasing number of dyes in use. Moreover,
most shades are produced by the employment of two or
more dye stuffs.

The identification of several dye stuffs present at the
same time in any fabric necessitates, on the part of the
operator, both a thorough knowledge of the behaviour of dye
stuffs and, above all, a considerable acquaintance with the
practical operations of dyeing. Even then, the analysis of
colours on the fibre is in individual cases almost impossible :
¢.g., the detection of dyewood colours in presence of certain
anthracene dyes, and vice versd.

In many instances the nature of the fibre (whether vege-
table or animal) or the nature of the mordant affords a clue
to the class of dye employed, and in other cases the absence
of certain dyes can at least be determined. Thus, for ex-
ample, the presence of basic coal tar dyes on cotton and acid
coal-tar dyes on wool can always be conjectured. Cotton
will frequently be found dyed with benzidine colours, where-
as the anthracene colours, with the exception of alizarine,
are still seldom used, and need hardly be sought for. In
wool the circumstances are diametrically opposite, anthracene
colours being more frequently found. When tannin and
tartar emetic mordants are detected in half-woollen or half-
silk (cotton and silk) goods it is very probable that two dyes
of opposite character, one basic and the other acid, have been
employed tp produce the colour. The application of the
fibre, and the quality of the fabric, are points to be considered.
Woollen cloths are fulled in the piece, and as in some cases
the fibre used for preparing the yarn is dyed loose before spin-
ning, the colours must be very fast in order that they may
not bleed or separate from the goods in the fulling process.
As a rule, cheap fabrics are not dyed with exceedingly fast or
expensive colours.



168 YARNS AND TEXTILE FABRICS.

In testing, both the natural dye stuffs and the synthetic
dyes must be borne in mind. The natural dye stuffs, such as
logwood, fustic, madder, etc., are fixed on animal and vege-
table fibres by the aid of mordants, mostly inorganic com-
pounds, such as alumina, tin, copper, iron, salts, etc., and
most frequently several of these mordants are employed
together, because a faster colour is thereby obtainable. On
the other hand, the synthetic dyes, with the exception of
the alizarine colours, will fix on animal fibres without, for
the most part, any special mordanting being required, the
addition of glauber salt, common salt, etc., in wool dyeing,
being designed to prevent the too rapid deposition of the
colour on the fibre, whereby irregularities of colour are liable
to ensue. In the use of alizarine colours a preliminary mor-
danting is, however, essential. For fixing most coal-tar dyes
on cotton, tannin and tartar emetic are used, but in other
cases, e.g., the fixing of the alizarine colours on cotton, other
inorganic mordants are employed.

The mineral colours—chrome yellow, orange chrome, iron
buff, yellow, manganese bistre and Berlin blue—are, with the
exception of the last named, employed for dyeing cotton ex-
clusively, and are readily distinguished from all others and
easily estimated, the percentage of ash being an important
guide.

To determine the inorganic mordants, some 10 to 20 grams
of the fabric or yarn are incinerated in a porcelain crucible
and the ash calcined for two to three hours until all carbon
has disappeared. The method of analysis to be pursued is
considerably simplified by the extremely limited number of
the mordanting substances of this nature employed; and
even the colour of the ash permits a conclusion to be drawn.

Alumina Mordants.—The ash is white. Test by dissolv-
ing in hydrochloric acid and adding ammonia. A white pre-
cipitate indicates alumina.
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Chrome Mordants.—The ash is yellow to brownish-green.
Potassium chlorate i1s added to the ash, which on further
heating gives a yellow mass. When this is dissolved in
dilute acetic acid and lead acetate is added, a yellow precipi-
tate is formed.

Iron Mordants.—Reddish-brown ash. Dissolve in hydro-
chloric acid and add potassium ferrocyanide ; the precipitate
of Berlin blue indicates the presence of iron.

Tin Mordants—The ash is white, turning yellow on heat-
ing. Confirm by heating on charcoal before the blowpipe.

Copper Mordants.—Copper is mostly used in association
with iron or chrome. Dissolve the ash in hydrochloric acid,
add ammonia in slight excess and filter. When much
copper is present the filtrate is blue.

The detection of the mordants can also be effected in the

following manner: The sample under examination is im-
mersed in a very dilute solution of bleaching powder until
the colour has disappeared. The yellow-brown (ochre) colour
of iron, however, remains, and the presence of this metal
may be confirmed by the production of Berlin blue on the
fibre on addition of yellow prussiate of potash (potassium
ferrocyanide). If, after steeping in the bleach solution, the
fibres are left perfectly white, then either no mordant, or
.else only tin or alumina, has been employed. This may
be elucidated by dyeing with alizarine. Chrome mordant
remains behind after the dye is extracted; by prolonged
exposure to the bleach liquid complete solution occurs.

A scheme for determining the dye stuffs employed is
attempted in the annexed tables. If the class of dye stuff
present has been ascertained, sample dyeings are performed
with the conjectured colours and then treated with the
various reagents in current use, the results being compared
with the original sample to afford a means of identifying the
colours used therein.
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The reagents employed are dilute and concentrated
sulphuric acid, hydrochloric acid, nitric acid, stannous chlo-
ride (“tin salt”) and hydrochloric acid ; dilute caustic soda
and ammonia, alcohol and occasionally ether as well.

In many instances the tables on special reactions on the
dyed fibre given in the works of Hummel and Knecht,
Kertesz, and Lehne are of good service. A knowledge of
the colour reactions coming under consideration when a
colour has been extracted from the fibre and the further
examination of the solution is begun is also serviceable.

After the dye stuff has been determined, a check experi-
ment by dyeing with the same material should always be
performed.

1. BLUE AND VIOLET DYES.

Heat with dilute alcohol and add a few drops of hydrochloric acid.

Fibre altered.

No change. Fibre blue. Liquid blue. Liquid
yellowish-red.

Indigo blue Indigo carmine and the majority of Wood blue
Berlin blue coal-tar colours. (logwood,
Alizarine blue fustie).
Wood violet
(logwood).
Orehil violet
(orchil).

. . Alizarine
Fibre and Fibre Nelatt

liquid yellow to.| unaltered :
brown-red. Liquid blue. I\I?‘g‘legd‘;(;let

New test with concentrated sulphuric acid.

Fibre and
liquid green.

| Gallsine.
Methylene Spirit blue. - Indigo Azo-blue.
blue Water blue. carmine. ! o
Ethylene Alkali blue. Induline.
blue. Methyl blue. | Solid blue. ‘

Victoria blue.
Spirit violet.
Methyl violet.
Acid violet.
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TesTING FOR PURE INDIGO DYES.

1. The water should not be coloured when the sample is
boiled therein.

2. On boiling with alcohol, the latter should not become
coloured ; otherwise aniline colours are present.

3. On boiling with borax, or alum solution, no colour is
imparted to the solution if indigo alone is present. If the
borax solution is coloured red, logwood has been used, and
an addition of ferric chloride will give a blue coloration. If
the borax solution becomes blue, then indigo carmine or
some aniline colour has been used. To distinguish between
them add concentrated sulphuric acid. A red coloration in-
dicates aniline, the solution remaining unchanged in the
case of indigo carmine. °

II. GREEN DYES.

Heat with dilute alcohol.

|
: IThe liquid is coloured green :—
The liquid is colourless :—
| Brilliant green. Malachite
Indigo and fustic. Wood green (logwood |green. Methyl green. Alkali
and fustic). Naphthol green. Ceruleine. | green. Light green. Indigo
: Solid green. . carmine and picric acid.
| Indigo carmine and quercitron.

Heat with dilute hydrochloric acid. Heat with dilute hydrochloric

acid.
Fibre Fib a Fibre un-| Fibre de- | Fibre Fibre | Fibre de-
blue. 11ret3a,n changed. | colorised. | paler. only |colorised.
Solution | SO% dlon Solution | Solution | Solution | slightly | Solution
yellow. RoCs yellow. | yellow. blue. [changed.| yellow.

Indigo | Wood [Ceruleine,| Naphthol| Indigo | Light | Brilliant

and fustic. ~ green green and | carmine |green S.| green.
Indigo and (logwood solid green and picric| Alkali |Malachite
chrome and fustic) [ acid. green. green.
yellow. Indigo Methyl
I carmine green.
and

| quercitron.

| i
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4. On boiling with weak soda, Berlin blue is recognised
by the fibre and liquid becoming more or less brown, a blue
coloration being obtained by acidifying the liquid with hydro-
chloric acid and adding ferric chloride. Indigo carmine is
also detected by boiling with soda, the solution becoming
deep blue when acidified.

III. RED AND RED-BROWN DYES.

Boil for a short time with dilute alcohol and a fairly strong solution
of aluminium sulphate.

No extract, Yellow to red extract without fluorescence.
or else Add sodium bisulphite :—
fluorescent
extract :—
Madder. |Immediate decolora- Not derolorised :—
Eosine. tion :— Cochineal. Lac dye. Orchil
Safranine. | Sandal. Redwood. Anthracene, azo and benzidine
Rhoda- Fuchsine. dyes.
mine. Fuchsine S.
Safflower.
Heat with very dilute hydrochloric
acid.
Heat with dilute
alcohol. o
Fibre .
El‘libre darkened Fs‘:)ll)fxzigsd
Little unchanged. brown to
Red or no ( blue). yollozs
extract. extract.
Azo dyes. Orchil. |Congo red.| Alizarine.
Sandal | Fuchsine Lac dye. Benzo- | Alizarine
Fuchsine. S. Cochineal. purpurin. | orange
Redwood. with
Safflower. chrome
Heat with dilute mordant.
lead acetate
solution.

Fibre un-| Fibre
changed. | dark
Orchil. |brown to
P Azo dyes.| violet.
Cochi-
neal.
Lac dye.







174 YARNS AND TEXTILE FABRICS.

V. BROWNS, GREYS AND MOLE SHADES.

The fibres are heated with dilute oxalic acid and left
therein for some time.

The colour is unchanged, solution colourless or slightly
coloured (Table A).

The fibre is altered. In dyeing there is always a mor-
dant present (Table B). :

Table A.

Combinations of azo dyes, a few aniline dyes, indigo car-
mine, orchil, ete., differ from the colours given in Table B by
their greater susceptibility to the influence of boiling alkalies
(soda or ammonia), whereby partial decoloration and ex-
traction of the dye results.

" These combinations are mostly used only for wool and
silk ; when used for cottons it is only for very light mode
shades. . .

The sample is warmed with stannous chloride and hydro-
chloric acid and the change in colour noted.

Fibre and solution | Fibre blue-red Fibre and Fibre blue-grey
colourless or at first, then solution to blue, restored
faint yellow. decolorised. fuchsine red. by washmg

Orange II. Orange 1V, Fuchsine S. Induline.
Naphthol yellow S. | Fast yellow. Red-violet 4 RS. Solid blue.
Tartrazine. Brilliant yellow. Fast blue R.
Orchil. Methy! violet.
Orchil red 4. Acid violet.
Bordeaux.
Fast Red 4.

Biebr. scarlet.
Indigo carmine. . |
Fuchsine. [
Light green S.
(The last two
partly recover on
washing.)

The predominant dye stuffs in the fibre glve also their
characteristic reactions.
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The fibre is then further examined for the residual dye,
according to the preceding tables, after undergoing a treat-
ment with boiling dilute acetic acid, which brings the colour
into greater prominence.

When thé fibre is heated with ammonia the following
colours are temporarily bleached : fuchsine, fuchsine S, methyl
violet, acid violet, red violet, light green S, and also to some
extent indigo carmine, whereupon the other dye stuffs be-
come more prominent,

A larger portion of the sample under examination is
boiled repeatedly with dilute soda solution, zinc dust and
hydrochloric acid being then added to the liquid, which,
after a short time, is filtered.

After filtration the following changes may be observed :—

Colours which, especially | Colours which recover Cﬂ:ﬁ:ﬁ;ﬁ;ﬂ?ﬁgﬁ?ﬁ;ﬂ
on exposure to air, do at once when 'exposed PR O s ]
not reappear. to the air. heating the solution,
Azo dyes. . Indigo carmine. Light green S.
Red-violet 4 RS. Orchil Induline.
Fuchsine S. (separated by agitation Methyl violet.
Fast blue. with ether). Acid violet.

If the solution red-violet 4 RS and fuchsine S be reduced
a short time the colours reappear on exposure to the air.

If the solution boiled with soda be reduced with zinc
dust and ammonia, with corresponding neutralisation, red
violet and fuchsine S reappear completely ; fast yellow, cro-
ceine, Biebr. scarlet, etc., revert to yellow on exposure to the
air, and turn red when acidified. The residual coloured
solutions can then be examined according to colour reaction
tables, or employed to dye fibres, which may then be tested
further according to the foregoing tables.

To separate the dyed colours a larger sample is boiled
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repeatedly with soda solution and the extract shaken up
frequently and for some time with fresh amyl alcohol. This
dissolves out several of the azo dyes, such as orange, Bor-
deaux, orchil red, etc., whilst indigo carmine, orchil, fast blue,
induline, fast yellow, etc., remain in the aqueous solution.

By the aid of this aqueous solution of dye, which is acidi-
fied with a few drops of sulphuric acid, some fibre is dyed
and the colour tested according to the previous tables.
Orchil may be previously separated by shaking up with ether.

The dyes absorbed by amyl alcohol can be recovered by
adding water and evaporating the alcohol, and may then be
further examined as above.

Table B.

The sample is heated to boiling with dilute oxalic acid
and allowed to remain therein for some time.

A larger portion of the sample to be tested is repeatedly
boiled for a long time with dilute hydrochloric acid and
finally with dilute soda solution. The following shades of
colour are very resistant towards dilute acids : Alizarine blue,
alizarine black, anthracene green, sandal, and madder (to
some extent). The larger proportion of the dye stuff remains
on the fibre, and can be identified according to the corre-
sponding tables.
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Colour almost destroyed, solution
nearly colourless.

Colour considerably paler, shade
mostlyaltered,solution yellow tored.

Iron, copper, alum, etc., lakes from
catechu, redwood, fustic, fustet wood,
quercitron, logwood, ete.

Aniline-overdyeing, which is practised
especially for brown, grey and mode
colours on cottons but less frequently
on wool. Alecohol extracts these
colours very readily from the fibre,
and they can then, when present in
sufficient quantity, be detected by
Table A and by colour analysis. Any
tannin lake present is treated by
boiling with soda lye, filtering off the

madder, sandal-,

Chrome, iron, copper, alum, etc.,
lakes from alizarine colours, catechu,

fustet wood, quercitron, logwood, ete.

The colours of this series differ con-
siderably from those in Table A, in
that they are very resistant to the
action of boiling alkalies, but on the
other hand readilyalterable by acids.
Any overdyeing, especially of ali-
zarine colours with azo dyes, etc.,
is readily recognised by the extrac-
tion of the colour by dilute soda
solution or ammonia, which extract

redwood, fustic,

precipitate, and neutralising. (This | can be examined further according

separates the tannin from the | to table A.

colour)..

INDIVIDUAL TESTS :— Boil for a long time with a solution
of yellow prussiate and ammonia.

Tannic acid and catechw. Boil with

yellow prussiate and ammonia:

fibre turns brown.

Logwood. Boil with yellow prussiate
and ammonia: partial decoloration.
Boil with borax: yellowish-red
solution, Add stannous chloride and
hydrochloric acid: bright rose-red
coloration.

Redwood.  Boil with aluminium
sulphate: red extract. Add bi-
sulphite: immediate decoloration.

Fustic. Boil with aluminium
acetate: yellow solution with green
fluorescence.

Fibres very
slightly changed.

Fibres paler.

Alizarine.
Alizarine S.
Alizarine orange.
Alizarine chestnut.
Anthracene brown.
Galleine.
Galloflavine.
Madder, Sandal.
Catechu, Fustic.
Quercitron.

Alizarine blue.
Ceruleine.
Alizarine black.
Redwood.
Logwood
(Much altered,
paler).
N.B. If the
sample, as is the
case with many
wood dyes, has
been darkened
with iron, the
fibres will always
become paler.
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Both extracts are next neutralised with soda lye and
boiled, whereupon the following phenomena appear :—

The colour lakes dissolved in hydro-
chloric acid and soda separate im-
mediately and almost completely.

The filtrate is slightly coloured.

The colour lakes separate out only

to a slight extent at once. The

filtrate is more or less strongly
coloured.

Alizarine chestnut (bluish-red p.p.).
Anthracene brown (dark grey p.p.).
Ceruleine (green p.p.).

Alizarine blue (greenish-blue p.p.).
Alizarine black (blue-grey p.p.).
Falleine (violet p.p.).

Catechu, fustic, quercitron,

N.B.—The precipitates may be
freed almost entirely from logwood
deposit by careful treatment with a
warm solution of yellow prussiate.

Alizarine (red solution).

Alizarine orange (red solution).
Madder (red solution).
Galloflavine (yellow solution).
Sandal (red solution, minute p.p.).
Redwood (yellowish-red solution).
Logwood (brownish-red solution).

Alizarine and alizarine orange
deposit from the above solution,
after twelve hours’ standing, in
flakes, especially when the liquid is
strongly acidified. The precipitate
is sublimed and further identified.
(Soda solution gives a violet colora-
tion with alizarine.)

INDIVIDUAL TESTS: 4. ANTHRACENE COLOURS.

The well-washed precipitate is treated with concentrated
sulphuric acid for some time, the solution being then con-
siderably diluted and left for six or eight hours. The
colour lake is decomposed, the colour separating out in
flakes on standing, which, when filtered, washed, and (when
in sufficient amount) dried and sublimed, are further identi-
fied by analysis. Or the precipitate may be dissolved at
once by a few drops of soda lye and the colour tested further,
whereby, however, regard must be had to any impurities
present. The precipitate is coloured on the filter as follows,
on addition of concentrated soda lye: alizarine, violet;
chestnut and orange, bluish-red.

The determination can also be effected in the following
manner :—

A larger amount of the sample under examination is
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boiled repeatedly with dilute sulphuric acid and then with
dilute soda solution, the extracts being united and evapo-
rated to dryness. The residue is treated for some time with
sulphuric acid, greatly diluted, and after six to eight hours’
standing the precipitate is filtered off, washed, dried, sub-
limed and the dye tested.

IxpivipvaL Tests: B. Woop DYE StUrrs.

Madder.—Boiling with aluminium sulphate gives a solu-
tion with yellow-green fluorescence, disappearing on addition
of glacial acetic acid.

Cateclivw (on cotton only).—In presence of chrome mor-
dants a characteristic resistance to dilute acids, especially
organic acids, is manifested.

Sandal.—Aluminium sulphate gives a red extract decolor-
ised by sulphurous acid. Alcohol gives a red extract.

Redwood.—Aluminium sulphate gives ared extract, decol-
orised by sulphurous acid. Alcohol~gives no extract. Readily
abstracted by dilute acids and alkalies.

Logwood.—The fibre becomes much paler on boiling with
yellow prussiate solution and ammonia. A reddish-yellow
solution is obtained by borax solution; neutralised with
acetic acid and treated with ferrous sulphate solution, a black
coloration or precipitate is gradually formed. Boiling with
dilute acetic acid gives a yellowish-red solution, which, on
cooling and addition of stannous chloride and hydrochloric
acid, yields a rose-red coloration. The resistance to dilute
acids is slight.

Fustic—On boiling with aluminium acetate, a yellow
solution with strong green fluorescence is produced, and is
not destroyed by sulphurous acid. .
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VI. BLACK DYES.

Heat with dilute hydrochloric acid.

Fibre and solution red to yellow. Fibre unchanged.
Logwood black. Alizarine black (Naphthazarine),
Logwood black with indigo ground solution greenish-blue.

Tannin black. Aniline black.
Catechu black. : Wool black, solution pale blue.
Alizarine black. Naphthol black, solution reddish.
Resorcine black. Cachou de Laval, solution faint
grey.
Brilliant black, soluticn faint
reddish-violet.

XII. DETECTION AND ESTIMATION OF ARSENIC.

Some 25 grams weight of the sample of fabric or yarn
under examination is taken and placed in a tubulated 500 c.c.
retort connected with a condenser. The latter debouches
through a cork in the neck of a 600 c.c. flask, which contains
100 c.c. of water, and is cooled by immersion in cold water.
The flask is also connected with a series of bulb tubes, also
containing a little water. At the outset 200 c.c. of pure
hydrochloric acid are poured over the substance in the re-
tort, and at the end of an hour 5 c.c. of a concentrated solution
of ferrous chloride are added, the retort being then heated in
an oil bath until the contents have distilled over, with the
exception of a small residue. When cold, another 50 c.c. of
hydrochloric acid are added and the distillation repeated.
One portion of the distillate is examined in Marsh’s apparatus.

From 20 to 25 grams of zinc rod are immersed for a few
minutes in platinum chloride solution and well rinsed with
water, after which they are placed in a 250 c.c. flask into the
neck of which a tube is fused at right angles for connection
with a calcium chloride tube and a piece of very refractory
glass tubing, about 30 cm. long and 6 mm. wide, enveloped in
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Dark blue mixture, plain or twilled cloths,
715 grams per metre (= 23 oz. per running yd.).

Grey mixture cloth - - 638 ,, ,, , (=206 o0z peryd.).
Dark blue cloth No. 1, corn-

flower blue, Russian blue,

brown, dark green, ponceau

red cloth No. 1, madder
v red cloth No. 1 and black

cloth No. 1 o - - 618 ,, ,, , (=198, , )
Dark blue cloth No. 2 - N B (=R L9 w o )
All grades of badge cloth 526 ,, ,, . (=17 ,, ., )\
White kerseys - - - 750 ,, ,, ,, (=261, , )
Dark green kerseys - - 624 ,, ,, , (=201, , )
Dark blue Meltons - - 550 ,, o0 =1 wo )

When the cloth exhibits special points as regards quality
of wool, evenness of threads, good shotting, small selvages
and fine colour, the following margins of underweight are
allowed : —

Dark blue mixture - - 19 grams per metre (= 0-61 oz. per yd.).
Grey mixture, dark blue Nos.

1 and 2 (Melton excluded),

cornflower blue, Russian

blue, brown, dark green,

ponceau red No, 1, madder

red No. 1 and black No. 1 25 ,, ,, ,; (=08 ,, , )
Badge cloths - - - - 12, - » (=039 ,, 5 e

The width of all cloths, except the dark blue mixture,
plain and twilled cloths and dark blue Meltons, shall measure
1'17 m. (= 46 in.) exclusive of the selvages, that of the dark
buue mixture, plain and twilled cloth and Melton being
1':8 m. (= 534 in.) between selvages.

In length the pieces must measure from 20 m. (21% yds.)
minimum to 27 m. (294 yds) maximum; Meltons alone
being exceptionally admitted in longer lengths, when of un-
impeachable quality. The decimetre (3'9 in.) is the smallest
unit of length used, so that centimetres, 1 to 9, are disre-
garded in measuring a piece.

Ponceau red cloth No. 1, as well as the coloured badge
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cloths, must be delivered shrunk, all the other kinds un-
shrunken. The latter must not lose more than 5'5 cm. per
metre (i.e., 54 per cent) in the length and 42 cm. (165 in.)
in the width of the cloth during shrinking.

Warp.—The warp threads in the prescribed widths must
total, for
Grey mixture cloth - - - - - - - - - 1,700 threads.
All foundation cloths for tunies, ete., including white kerseys 2,000 A

Dark blue mixture cloth, dark green kersey, dark blue Mel-
ton and badge cloths - - - - - - - - 2,200 o

Weft.—A thread of lower twist than for warp is per-
missible, but the yarn for shottifxg must be quite as evenly
spun.

Ponceau red cloth No. 1 must be cold pressed, but all
the other cloths may be pressed moderately warm; steaming
the cloth is prohibited.

The colours must be thoroughly fast, v.e., must be able
to withstand the everyday influence of light, air and water
for a suitable time.

Whilst the mixed cloths, the dark green kersey, the light
blue cloth and the dark blue Melton must be dyed in the
wool, the other kinds are only required to be piece dyed ; these
should, however, in so far as the shade of colour desired per-
mits, be commenced in the wool, in order that the requisite
penetration of the dye may be secured. The blueing of the
dark blue cloths Nos. 1 and 2, the cornflower blue, the dark
green cloths and the dark blue piece-dyed Meltons must be
effected with pure indigo, as also the finishing dyeing of the
dark blue stuffs, the employment of any addition of coal-tar
colours (aniline) for the blue cloths being prohibited.

To show that the cloths have been sufficiently blued in
the wool, ten to fifteen white threads must be woven into the
tront end of each piece.

The piece-dyed cloths must be evenly dyed and may not
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be streaky. The brown cloths must not show up pale in
section, but must be dyed through.

All pieces must be thoroughly rinsed, and must not lose
colour more than the sample. The dark green kerseys must
not lose colour either in the wet or dry state.

The minimum tensile strength and elasticity (warp and
weft) of the various cloths are given below, the sample
(doubled) to be 9 cm. (353 in.) wide and 30 cm. (12 in.) long
between the clamps of dynamometer.

Tensile Strength.

WEIGHT.

Whitekersey - - - " . - . 70kilos. (=154 lb.).
Foundation cloth for tunics, etc., and grey mixture

cloth - - - - - - - - - 86 ,, (=128} ,)
Dark blue mixture cloth and dark green kerseys - 60 ,, (=132 ,, ).
All badgeeloth - - - - . . . . 46 , (=101} ,, )
Dark blue Melton - - - - - - - 42, (=924 ,).

In cases of special excellence in point of quality of wool
and careful manufacture, a margin of 3 kilos (6:6 1b.) will be
allowed off the foregoing figures, except for Meltons, which
must always have the above minimum strength.

Elasticity.
For kerseys and dark blue mixture cloths - - - - 10cm. (4 in.).
,s dark blue Meltons - - - - - T (2EE b
1, all other foundation cloths and all badge cloths - - BB H(2:36 )

The above figures represent the minimum permissible
limits.

The selvages must not be of calves’ hair, and must agree
in weight and colour with those of the standard samples.

All foundation cloths must have the name of the firm and
the manufacturing number sewn in before fulling.

Regulations to be Observed on Taking Delivery.

1. Notice should be taken that deficiencies in weight
have not been made up by damping the cloth or by broad,
thick selvages.
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2. The width of the cloth should be measured by folding
the piece and taking the half-breadth.

3. On reception, a sample of 1 to 3 metres in the full or
half-breadth of the cloth from each parcel, particularly the
foundation cloths, should be shrunk, the process adopted
being left to the discretion of the clothing officials.

The loss in length sustained by the cloth during shrinking
must be charged to the contractor. The shrinking must be
tested by the Clothing Department officials.

4. In testing the permanence of the dyes, the following
conditions must be observed :—

A cutting of the cloth is kept for two minutes in pure
dilute (1 : 3) hydrochloric acid until thoroughly impregnated
and then at once rinsed in cold water. The colour of the
dark blue cloths Nos. 1 and 2, the pale blue, Russian blue and
potash blue cloths and dark blue Meltons should be un-
changed, whereas the brown colours may become pale brown
and the greens bluish-green, and the brilliancy of the corn-
flower blue colour and the depth of the black in dark blue
mixture and grey mixture cloths may be diminished. The
colour of the black cloths must become reddish, whilst the
crimsons may assume the colour of an impure ponceau red,
and' the pompadour, ponceau and rose-reds, as well as the
colours of all madder red and yellow cloths, may become
somewhat fainter. In addition,

The Black Cloths

are to be tested with alum, 10 grams of this substance being
dissolved by boiling in a three-fold quantity of water and,
after cooling down to 50° R. (62:5° C.), employed for steep-
ing a sample of the cloth for two minutes until the latter is
thoroughly impregnated, whereupon it is at once rinsed with
cold water. The colour should not undergo any appreciable
change under this treatment.
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The Ponceaw Red Cloths

are tested with ammonia in the manner laid down for the
dilute hydrochloric test. The colour can only be regarded
as fast and acceptable provided it assumes a ponceau red or
violet tinge.

The Yellow Cloths

are tested by immersing a sample strip 20 x 5 cm. (8 x 2in.)
in a glass half full of soft cold water for an hour, whereby
the water should not become tinged with colour to any ex-
tent; should, however, the water be stained greenish-yellow
or yellow after five or ten minutes, the cloth must be re-
jected.

The Light Green Cloths

are tested with water in the same way, except that the im-
mersion extends for two hours. If the water does not be-
come coloured, or if a piece of white cloth enveloping the
green sample is' not stained, the colour must be considered
as sufficiently fast.

5. Out of each delivery and each kind of cloth composing
same not less than 10 per cent. of the pieces (minimum, four
pieces) must be tested in the dynamometer. If more than
one-fourth of the samples fail to pass the test for weft
strength and elasticity, then each piece in the parcel must be
tested. In the case of the warp tests, when deficiency in
quality is recorded, the contractor shall be asked whether he
is willing to stand the loss resulting from further testing the
warp or prefers to take back the goods.

6. When spots or nops are found to have been disguised
with nop tincture, or nops and other small holes are found
to have been filled up, or when deficient weight has been
supplemented artificially, these practices shall be considered
as deliberate attempts at deception.
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2. LiNneExs AND CoTToNs ¥OR MILITARY USE.

(@) Linens.

The yarns employed for the linen cloths must consist of
pure flax fibre, unmixed with any extraneous material, and
free from any woody particles and shives.

By “flax yarns " shall be understood those prepared from
the long hackled fibres of flax regularly and solidly spun,
and known in the trade as “line”. ‘Tow yarns” are those
prepared from the residual short fibres, and known com-
mercially by this designation.

The yarns entitled ‘ three-quarter bleached ” must be of
a good white colour and free from woody particles.

Bleached, creamed and dyed linen warps from short
fibre must not be more heavily sized than is absolutely
necessary. (Liong-staple warps and those for unbleached
goods, as well as wefts of all kinds, must not be sized at all.)

The fabric must be well and evenly woven, with un-
broken selvages. In hand-woven goods small defects in
appearance or irregularities form no ground for rejection.

Only the yarn numbers- given below may be used for
making the goods. The use of other numbers or descrip-
tions of yarns shall be regarded as an intentional deception,
and when proved shall result in the exclusion of the contractor
from tendering in future.

Apart from the prescribed mangling and the necessary -
clearing of shives, etc., unbleached linens must not exhibit
any finish nor contain more than the natural quantity of
moisture.

Bleached or re-bleached and dyed goods must not be
loaded in the piece with more starch or other dressing than
is contained in the sample.

« & Calendering (smoothing the cloth in single layers between
rollers), instead of mangling, is not allowed.
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Blue linen linings blued with indigo to light blue in the
piece must not, when rubbed with white paper, part with
more colour than the sample. The dye must exhibit a
sufficient degree of fastness when treated with warm dilute
(1: 10) hydrochloric acid.

Fach piece must have as a termination at either end
some 20 weft threads differing in colour from the rest of the
wefts.

DESCRIPTIVE LIST.

) St
8 . o o8 2 Finish.
84 s|365 |58 =
g2 %5 o |BE O \Whether
Stuff. oL Kind of Yarn. gl= g2 2*“&’ Ilx|" G | Whether
=t ;5. °:g S &0 % = [bleached and how
£35S S &% [3E § bleached,| 27
=~ BT E |ordyed m.angled
Drills for Unbleached yellow flax 20| 20-21 340-35 Un- | Medium
Jjackets }83/ 84 Unbleached grey tow |14 | 18-19 il bleached imangling
Drills Unbleached yellow flax | 25 | 26-27 Un- i
{_1990- Medinm
(gggge)r }83/ e Unbleached grey tow |25 | 22-23 0-300 lp1eached mangling
Drill for Unbleached yellow flax |25 | 23-24 |- Un- | Medium
g‘a‘;ﬁ:ﬁ% }75/76 i Unbleached grew tow | 16| 19-20 295-305 |pleact.ed {mangling
‘White linen § bleached flax 25| 204-213 Re- | Heavily

o }75/76 § bleachied flax | 25| 195208 | 180-190 pleached [mangled

Canvas for } 75/76 Unbleached yellow flax | 16 [153-16 295.305 | . Un- | Lightly

trousers Unbleached yellow tow | 14| 16-17 bleached mangled
Grey linen .| _Unbleached grey tow |18 ]144-15 Un- | Heavil
linings }75/ i Unbleached grey tow |20, 16-17 210-220 |)eached mangle(}i’
. Dda.rk blue
Blue linen Unbleached grey flax |28 [164-17 yed in Heavily
linings }77/ e Unbleached grey tow 30| 17-18 155:106 vtvli]:hﬁfl;;: mangled

indigo

(b) Cottons.

The yarns used for cottons must be evenly spun with
good twist from good, clean long-staple cotton, and should
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DESCRIPTIVE LIST.

i g .~ E.Eg ‘ Finish.
2 ; 882 L2 E| Tone Twiemn
£ Kind of | Yarn | S 5o | 8% ether ether
Stuff. .:1% Yg.rn. No.u = g:f« 33‘ %lx un- mangled
= ©™hg |2 wzJ | bleached, | and to
BES S BZ |95 § ™| bleached, | what
ATEERR or dyed. | degree.
. . 16-17 | 23-25 Un-
i 5/76 2325 | Un-
Calico shirting .}7 [76 | Cotton a9 | 9595 | 170 180 bleashed |mangled
D. W. calico for } 18-19 | 21-23 Un- Lightly
drawers 78/76 | Cotton | 3777 T77197| 190200 1) oached [mangled
D. W. twill for } 18-19 | 18-20 Un- Lightly
drawers | J75/76 | Cotton |67 l57567| 180-190 | bjoached mangled
Dark blue
Blue calico 16-17 | 22-24 fast dyed :
linings }77[78 Cotton 1819 | 5224 170-180 ( wit}f Heavily
indigo in [mengled
the fibre)

White calico 16-17 | 24-26 7
S f bl I g 4 Un- Heavily
linings }75/76 (iken 18-19 | 24-26 Lantas bleached mangled

D. W. white 18-19 | 21-23 Un- Heavily
calico linings ‘}75/76 Cotton| Ta 79| 2193 | 190-200 | ¢} - Theq imangled

Remarks.

In the preceding tables the figures referring to the yarn
number and count of the cloth are separated by horizontal
lines, those above the lines being for warp, and those below
for weft, threads.

The yarn numbers given are those of the English system
of numbering.

The lengths of the pieces shall be those current in the
trade as ‘“ full length pieces ”” of the various goods.

A margin of + 3 per cent. is allowed on the weight pro-
vided the stuff is in other respects equal to the standard
sample.

When the calico shirtings are ordered wider than the
breadth specified, the weight must increase by 23 grams
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per metre for each additional 1 cm. in the width (019 oz. per
yd. for each additional 1 in.).

Regulations to be Observed in Taking Delivery.

1. Each piece must be marked by the official with the
factory number and also with a consecutive number if
necessary.

On delivery, before the goods are taken in, they must be
examined for damage from infiltrations of water, fat, etc., or
from the use of iron hooks. If such be discovered, the goods
must only be accepted under reserve, in order to protect the
interests of the contractor and fix the liability of the rail-
way company or the other carrier.

2. The fibres employed for spinning must be examined by
analysing several threads and subjecting them to microscopic
examination, in order to determine their nature (whether
flax, cotton or other fibre) and quality (length of staple, dura-
bility, etc.).

Flax yarn may be readily distinguished by its regularity
and lustre from the uneven, rougher and always rather
knotty tow yarn, either by holding the fabric up to the light
or taking out a few threads. ’

3. It is specially important to determine whether the
provisions of the specification have been complied with as
regards the sizing of the yarn and the dressing of the fabric.
In this respect guidance is afforded by the estimation of the
dry weight of a sample cutting before and after four or five
thorough boilings, washings and rinsings. (In the case of
cottons, the loss in weight should, as a rule, not exceed 10
per cent.)

In continuing the examination, the presence of added
mineral matter is detected by weighing the ash, whilst vege-
table substances are determined by chemical tests.

If the results obtained cause prohibited weighting to be
13 -
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suspected, the opinion of an expert must be taken, in view
of the consequences attaching to the practice of intentional
deception on the part of the contractor, before the whole
delivery is rejected, and a notification of the circumstances
drawn up.

4. The number of threads is determined by the aid of the
thread counter, but the warp threads should not be counted
too near the edge nor the wefts too near the ends of the
cloth.

5. The finish of the stuff is examined by comparison with
the sample. It should be borne in mind that heavy man-
gling makes the cloth firmer, closer and more opaque, whilst
light mangling leaves it. more open; so that in the case of
heavily mangled stuffs good feel is no proof of good quality.

6. The colour testing to be performed on the dark blue
linings results from the requirements imposed as regards
the thorough dyeing (see p. 190) of same.

7. Concerning the extent of the tests to be performed, the
following remarks apply : —

At least one-tenth part (four pieces minimum) of each
delivery shall be examined. It is not necessary that each
piece should be examined for all the properties required by
the contract, but different pieces may be tested for different
properties. .

3. WATERPROOF MATERIALS FOR MILITARY PURPOSES.
(a) Canvas for Laced Shoes.
Description.

The canvas is a close unbleached fabric required to
possess the following properties :—

Kind of Yarn.—For the warp a double-twisted No. 10
flax yarn, dry spun from good long flax, must be used, and
be free from more than a minimum of knots, shives or felted
places; for the warps a similar quality No. 12 yarn is re-
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quired, but in this case a best dry-spun single long-staple
hemp yarn may be used instead of flax.

If the canvas is found to contain—even a single piece—
any other fibres, especially cotton or jute, or inferior material
such as tow, or if wet-spun yarn has been used, the entire
parcel will be rejected.

The count of threads per square centimetre shall be
124-13 for warps and 94-10 for wefts, and is to be ascertained
by the aid of the thread counter.

Weaving.—The warp and weft threads must appear in
regular alternation on the face of the cloth. The fabric
must not be irregular or defective, and must be woven on
heavy so-called power looms.

Breadth, Length and Weight.—The canvas must be 75 cm.
(294 in.) wide and in pieces of the length customary in the
trade, the weight being about 650 grams per running metre
(21 oz. per yd.) with a margin of + 3 per cent. Each piece
must terminate with a border of about 20 weft threads at
each end.

Finish.—Light mangled finish is required, but calender-
ing, even with wound rollers, is prohibited.

Sizing the yarn, as well as the use of loading materials
(such as starch, ete.), will be regarded as fraudulent, and dealt
with as laid down in the conditions of the tender.

Breaking Strain, Elasticity.—Strips of the fabric 5 cm.
(2 in.) wide and 36 cm. (14 in.) free length taken from any
convenient part of the stuff must stand a strain of at least—

220 kilos (484 1b.) in the direction of the warp
and
T n S OTE- L | 50t 5 ras S poralis

A minimum of elasticity is to be regarded as preferable.

The fabric should be sufficiently permeable to gases, but
on the other hand, must not permit the transfusion of water
beyond the following limits :—
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A square piece of cloth of 25 ¢m. (10 in.) side, cut from
any part of the piece, folded like a paper filter, placed in a
60° glass funnel and loaded with 300 c.c. of distilled water,
must not at the end of twenty-four hours show on the under
side more than very small evenly-distributed drops of water,
without the stuff itself being wet through.

The means employed for rendering the stuff watertight are
left to the choice of the contractor, with the proviso that the
use of substances dangerous to health is prohibited.

Remarks.

The testing of the weight and breaking strain shall be
performed in an apartment where the atmospheric moisture
averages 50 to 70 per cent. (measured by the Koppe-Saussure
hygrometer) and after the goods have been exposed therein
loose or unrolled during at least two hours.

In all cases of dispute over the constitution of the goods
the decision of the Royal Mechanical Experimental Institute
at Charlottenburg shall be taken as final. The samples to
be examined shall be sent by the clothing officials to the
Institute, and the costs of the carriage and testing shall
follow the result. »

Regulations to be Observed on Taking Delivery.

1. The pieces are numbered on reception and examined
for damage from water, fat, etc., as prescribed in the case of
linens and cottons.

2. The nature of the yarn must be tested as follows :—

(a) A few threads are first drawn from the fabric to as-
certain whether dry- or wet-spun yarn has been used. Dry-
spun material is recognised by the soft and fibrous appearance
of the yarn, the cloth being also more supple and closer in tex-
ture. The wet-spun thread is hard and smooth, not woolly,
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and the cloth is also stiff and hard, and when held up to the
light displays many open spots.

(b) Next follows the examination of the fibre. Whether
long-staple flax (hemp) has been used can be easily deter-
mined by unravelling and dividing individual threads.

(¢ The presence of any other fibre than flax or (hemp)
can be detected by the microscope. To perform this exami-
nation thoroughly the following points have to be observed :—

Preparing the Material.—About five warp and weft threads
10 cm. (4 in.) long are boiled } hour in a $ per cent. solution
of caustic soda and then cleaned by washing in water.

Preparing the Object.—A small portion is scraped with a
knife from each of the warp and weft threads and placed on
a glass slide in one or two drops of potassium iodide-iodine
solution (20 grams water, 1'15 gram iodine, 2 grams KI, 2
grams glycerine), wherein it is spread out by dissecting needles
and then covered with a cover-glass. After soaking up the
excess of lodine solution round the edges of the latter, the
object is examined under a power of 300.

Tt is advisable to have a number of scrapings of flax, jute,
cotton, etc., in bottles of distilled water at hand for compari-
son. :

An adulteration with jute can also be readily detected by
immersing a number of warp and weft threads in phloro-
glucin solution (3 grams phloroglucin, 25 c.c. alcohol, 25 c.c.
concentrated hydrochloric acid). At the end of } hour jute
threads will be coloured a dark red, whereas hemp or flax
will be coloured merely a faint rose at most. The coloration
disappears after prolonged standing.

3. Whether the stuff has been mangled or calendered can
be recognised, in that by the latter process, wherein the cloth
runs singly between rollers, the threads are flattened out,
and, even if the rollers were not wound, receive a certain
amount of gloss. ‘
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4. To determine whether the goods have been weighted
with starch, cuttings, 1 square decimetre (3:93 sq. in.) each, are
taken from three different places in the piece, and boiled for
1 hour with 1 litre of distilled water, after which five drops
of iodine solution (20 grams water, 1 gram iodine, 2 grams
potassium iodide) are added to the liquid. If the latter turns
blue, the presence of starch is proved.

Other loading materials are seldom used, since they re-
tard impregnation; but if suspected as present, must be
tested for by a chemist.

5. The strips to be tested in the dynamometer are cut
a little wider than the’prescribed width and reduced to the
exact size by removing a few threads from either side. A
minimum length of 60 cm. (234 in.) should be cut and exactly
36 cm. (14 in.) marked off by ruling two lead pencil lines
across the strip, leaving 12 cm. (44 in.) at each end for
fastening to the machine. In getting ready for the test, care
must be taken that the clamps exactly coincide with the
péncil markings when the tension is applied. Subjecting
some of the threads to a greater tension than the others, as
a result of irregular adjustment of the sample, must be
avoided, it being essential that the tension should be evenly
distributed over the entire breadth of the strip. If the strip
should break close against either of the clamps the test must
be repeated with a fresh sample; the fracture'should take
place at least 1 ecm. (0-39 in.) away from the clamp. More-
over, the result should never be taken from one test by itself.

6. One-tenth portion of each delivery shall be tested, but
it is nnnecessary to submit each piece to all the various tests
required.

(b) Stuffs for Provision Bags and Knapsacks.
Description.

Brown ‘cotton No. 10 doubled yarn is to be used for warp
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and weft, and both must be evenly spun from good long-
staple cotton.

If even a single piece of any other fibre than cotton is
detected, the entire parcel will be rejected.

The counts of thread per sq. cm. shall be : wa,rp, 24 to 25%;
weft, 124 to 133,

Weaving.—The warps must be doubled, so that looking
along the direction of the weft each warp appears as a pair
of threads alternating on the face with the weft. The fabric
must be evenly woven and free from faults.

Provision-bag cloth must be 92-93 cm. (36 in.) wide, the
pieces being of the usual lengths current in the trade and
the weight about 470 grams per running metre (15 oz. per
yd.), the margin of allowance being in this respect * 3 per
cent. _

Each piece must be bordered at both ends with some
twenty undyed weft threads, and is required to be mangled,
calendering not being permissible.

The minimum breaking strain (for samples of the usual
dimensions) is 115 kilos (253 1b.) for the warp and 75 kilos
(165 1b.) for the weft.

The degree of permeability by water must not exceed the
limits prescribed for canvas for laced shoes.

The dye employed must be fast catechu, without any ad-
dition likely to be injurious to health, and must be applied to
the reeled yarn before weaving. If it appears that the goods
have been dyed in the piece, they must be rejected, and no
pieces which have been unevenly dyed or which differ ap-
preciably from the standard sample can be accepted.

Regulations to be Observed on Reception.

1. The pieces are to be numbered and examined for
damage, as already mentioned under linens, etc.
2. Testing the purity of the cotton is performed micro-
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scopically, but as cotton is one of the cheapest of the textile
fibres, and therefore little likely to be adulterated, it will be
sufficient to test only two pieces. On the other hand, the
length of staple of the cotton employed must be examined
within the usual limits.

3. Finish, loading and breaking strain are examined in
the usual manner, as above.

4. The quality of the catechu dye is tested in the follow-
ing manner i—

(@)! One square decimeter of stuff, cut into pieces if neces-
sary, is boiled in 4 litre of distilled water for five minutes,
whereby the water should be at most merely slightly tinged
with brown. When the same sample is boiled with a fresh
quantity of water the latter should not assume any coloration
whatever.

On drying, the sample should exhibit unaltered its ori-
ginal colour.

(b) The same results should be obtained when the stuff is
boiled with 80 per cent. alcohol on the water bath.

(¢) A smaller strip of the cloth (1 x 3 cm.) is boiled along
with acetic ether in a test tube by immersion in hot water—
the flame having been extinguished on account of the inflam-
mability of the ether. The solvent should not be coloured.

(d) One square decimetre, cut into strips if necessary, is
boiled for five minutes in 100 c.c. of an 8 per cent. solution of
alum, whereby the latter may become somewhat brown in
colour, but the stuff when washed in clean water and dried
should only appear a little lighter. One-half of the sample
treated with alum is steeped for five minutes in a 5 per
cent. caustic soda solution and when washed and dried should
then appear appreciably darker than the other portion,

1 To ensure the quick and regular working of the aqueous reagents (water,
alum and oxalic acid), the sample should have just previously been steeped in
alcohol to drive out the interstitial air, and afterwards rinsed with water.
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although not quite so dark as the original colour. Other
colours, such as anthracene brown, also darken under the
action of caustic soda, but the resulting shades vary to such
an extent from the original that there is no danger of con-
founding these with catechu.

(¢) The stuff should not become appreciably lighter when
treated for 4 hour with concentrated oxalic acid at the ordi-
nary temperature.

The goods are only considered as acceptable when the
requirements of the contract are conformed to by the results
of every test employed.

When the colour of the pieces is regular only one of them
need be tested for the quality of the catechu, or each test
may be applied to a separate piece.

The distinction between yarn-dyed and piece-dyed goods
can be recognised by examining the cuf ends of the threads,
the centre of which will be paler in the latter event. The
regularity of the colour of the stuff is tested by examination
whilst it is passing over the roller.

(¢) Tent Canvas (for Portable Tents).

Doubled best quality No. 20 cotton twist, evenly and well
spun, may be used for warp and weft.

- If any other fibre than cotton is found, even in a single
piece, the entire parcel will be rejected.

The count per sq. cm. must be 20-21 threads in warp and
weft.

Weaving.—One warp and one weft must be alternately
visible on the face looking along the weft thread.

Width of tent canvas, 94-95 cm. (37 in.), and the pieces
of ordinary commercial length; weight 265 grams per
running metre (84 oz. per yd.) with a margin of + 3 per cent.

Each piece must terminate at either end with a border of
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p A. LINENS.

- = Finish,
& ‘g g
3y g i Whether

2 . Width . Y. ¥ un- Whether

Stuff. m e’ | Kind of Yarn, No. | B | EE |bleached, | and to
Ea - ¢ | creamed, what
o £ |yarn-white,| extent
=] ‘T 8 |rebleached mangled.
.z = or dyed.

Grey linen for
a‘gﬁ;‘gﬂ;";ﬁ 100 | yubleached grey tow | 12 | 11 |395-405 < oy
(for barrack and 104 | Unbleached grey tow 710 12} 41(;’120 bleached | mangled
hospital use) i
Grey linen for : 1
(bglitlirll(;:;e:nd 83 Usilegad grey-tow 12 1 825-335 Un- Un-
illow covers Unbleached grey tow | 10 12§ bleached | mangled
(}i\ospltal use)
G li fi
linlifli,; ;1;11:1&(;; \ Unbleached grey tow | 20 14 170-180 Un- Un-
invalids’ coats j‘ 70 | Unbleached grey tow | 22 | 155-16 bleached | mangled
and trousers
Grey linen for Unbleached grey tow | 16 | 14 Un- Un-
aprons } 100 | Unbleached grey tow | 16 115-16 335-345 bleached | mangled

White linen for 2 bleached tow 18 16

) \ __ 3 bleached tow L Yarn- Un-
ordinary sheets | | 68 3 bleached tow 20 | 18 170180 white mangled

‘White linen for 2 bleached tow 20 17

ordinary covers 84 4 215-295| Yarn- Un-
and bols¥er cases } i blescted towr 20 17 white | mangled
Tl 3 bleached flax | 25 | 2192 | _ Re. | Medium

fine sheets } 68 |3 bleached flax 28 2021 | 170180 {leached [mangling

White linen for £ bleached flax 25 |21-22 ! Medi

fine covers and 84 —=|210-220| Re- o

Siloi sain } £ bleached flax 28 | 20-21 bleached [mangling

Stuff for fine £ bleached tow 20 21 Re- Un-
towels } 42 7 bleached tow 18 | 21-22 130-140 bleached | mangled

Stuff for ordinar, Creamed tow 12 16 995 Un-
towels v } 52 Creamed tow 12 | 15-15% 215-225 | Creamed mangled

: 2 bleached tow 18

cf;gl? eanﬁn\:?’}:r g |Fast indigo-dyed tow | 20 18 e wl?i(:;?xh al oo
ordinary covers ] 1 bleached tow 20 | 17-18 dyed |mangled

and bolster cases Fast indigo-dyed tow | 20

5 2 bleached flax 20 s
sIt;:';l;e?ingrglh;%; 1 79 Fast indigo-dyed flax | 99 24 9459551 wl}ivgl;nd Un-
invalids’ coats | [ £ bleached flax 18 18 . dyed |mangled
and trousers ‘

‘White linen for 1 bleached flax 20-21 Yarn- . | Lightly
handkerchiefs for }50/51 + Dleached flax 30 |q530 | 102105 hite |mangled
hospital patients
‘White linen with

interwoven red bleached flax 20-21 i

stripes f Lo | 30 | 2221 1140.105| Yarn- | Lightly
hospimlie;at‘.)il;nts 50/51 1 bleached flax 1920 white | mangled
suffering from in-

fectious diseases
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B. COTTONS.
) P Finish, |
=% EE
2g | E £ | Whether
: 8 h e
Stuff. ivglcdth Kind of Yarn. S]{;rn £° ) un- Whgther
I O | ®g | =T | bleached, anhatéo
P "Eo*g creamed, ev;t —
S ‘s g  re-bleached Tl
“ =3 or dyed. | Tmarsied
Fustian for lining 16-17 | 13-15
invalids’ coats } 3] Sgptat 34 | 17-19 Praean blegél}; oq | Raised
Bleached fustian ; N X
for vests y 7 Cotton | 1627 | 143 1960.970 | Bleached | Raised
Calico for 18-19 | 21-23 Un-
75176 Cotton 2019 | 41-29 | 199 ¢ Un- n
drawers } 1215 | 1719 | 12929 | Lleached |mangled
Calico for in- 16-17 | 24-26 Lightl
valids’ shirts } B o 1617 | 3527 | 130-140 | Bleached m:glgleﬁ
Cotton cloth for .34 5
neckeloths } e ol 23_‘:’ : 351;3? 110.120 | Bleached | Dressed
: £ bleached
e tite Fast indigo-dyed | 16 | 2324 | 1.0 100 Jhie Dt e
*ir Sitliniry Led 84 |~ Dleached 16 | 2324 dyed | mangled
and pillow covers Fast indigo dyed
C. WOOLLENS (FLANNEL).
2 4 Cérded yarn (;f i S Washed, Evenly
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The remarks on p. 192 apply equally in this case.
For stuffs to be worked up in a shrunk state the loss in
shrinking must be borne in mind.

The regulations for taking delivery given on p. 193 also
apply. The fastness of the blue checks must be tested by
four or five washings.
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CONTRACT SPECIFICATIONS FOR FRENCH ARMY
CLOTHING.

The regulations issued in 1893 deal with the raw m;té.rial,
dyeing, fulling and dressing of the cloth..

The raw material must consist of wool out of the centre
of the fleece, partly of French origin and partly from Morocco,
Algiers and Argentina, corresponding in staple to the type
adopted by the Ministry of War. The wool must be care-
tully sorted, cleaned and washed. The use of lamb’s wool,
skin wool, noils, shoddy, waste wool or cotton is strictly
prohibited. Cleaning may be effected by the old or new
(carbonisation) process, but in the latter case the strength of
the acid used must not exceed 5° B.

Scarlet, jonquil-yellow and maroon are piece-dyed, for
which end the goods may be previously bleached with sul-
phurous acid, bisulphite, or hydrogen peroxide, but all other
colours must be dyed in the wool. Cochineal or lac dye is
prescribed for scarlet ; wood for yellow; sandal wood and
madder for maroon. All shades of blue and grey must be
vat-dyed, and must not contain any naturally yellow or dark
wool. Red may be dyed with madder or artificial alizarine,
but the War Ministry reserves the right to prescribe more
particularly in each individual case. For black the vat-dyed
grey is to be finished with mineral salts and substances con-
taining tannin. Only the very dark blue for non-com-
missioned officers’ uniforms may have a slight addition of
sandal wood (but no campeachy) with ferrous sulphate and
sumac.

The use of modern dye stuffs is not prohibited so far as
they are found to correspond in fastness to the requirements
laid down.

The wool after willowing must be carded three or four
times and the yarn must be nicely and evenly twisted.
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Power-loom weaving alone is admissible, hand weaving being
disallowed. The woven fabric may be freed from fat either
before or after fulling, according to the softening employed.
After fulling, the cloth must not be artificially widened by
stretching on the drying frame, and the sprinkling of the
goods with glycerine, dissolved glue or vegetable mucilage is
prohibited. ~ Yellow and scarlet-coloured cloths must be
decatired by steam, but they may be delivered without if the
manufacturer is not installed for carrying out that operation.

Length.—The pieces after steaming must not be longer
than 40 metres (432 yds.) nor less than 25 metres (272 yds.),
and the width between 137 and 143 cm. (54 to 564 in.).

The selvages composed of twelve warp threads must be
18 to 24 mm. (4 to 1 in. nearly) wide after fulling. In the

-wool-dyed cloths they are to consist of white threads, other-
wise of three black and nine threads of the ground colour of
the cloth.

In testing the weight of the cloth an average of 12'5 per
cent. of moisture is considered normal (at 15° C. and in an
atmosphere containing 80 to 90 per cent. of moisture). The
weight per metre of cloth for non-commissioned officers’ ware,
140 cm. (55 in.) wide, exclusive of the selvages, is fixed at
720 grams (23} oz. per yd.), and the minimum breaking
strain at 30 kilos (66 lb.) for the warp and 22 kilos (484
1b.) for the weft.
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G-

German army clothing specifica-
tions, 183.

Glover’s wool, 19.

Green dyes, 171.

Grege, 91.

Grey dyes, 174.

H.

Hare and rabbit fur, 22.

Heal’s conditioning apparatus,
5.7

Hemp, 30.

—  canvas, 125.

Horse hair, 22, .

Hygroscopicity, determination of,
158.

Hyparchia janira, 9.

I

Indigo dyes, 171,
Todine solution, 48.
Ironing, resistance to, 165.

J.

Jute, 32.
© —  fabrics, 123.
— yarns, numbering, 66.

K.

Knapsack cloths, 198.
Kohl’s conditioning apparatus,
116.

.L.

Linens, 123. :
— and cottons for military
use, 189.
Linen yarns, numbering, 64.
— —  twist of, 89.
Llama wool, 22.

M.

Manila hemp, 34.
Marabout silk, 92.

Measuring machines, 165.
Micrometer, 11.
Microscope, 3-12.

-— eye-piece, 4,'7.

— judging, 8.

— objective, 4, 8.

-— test objects, 8, 9.
Mole colours, 174.
Modes of weaving, testing, 126,
Mohair, 20.

Moisture, determination of 110,

Mollinos, 123.
Mordants, estimation of, 166.
Mungo, 35.

N.

Naphthol solution, 49.
Nettle fibre, 31.

— yarn, numbering, 67.
New Zealand flax, 34.
Nickel solution, 48.

0.
Organzine, 92.
Orleans, 124.

P.
Packing cloths, 123.

Percale,123.

Phloroglucin solution, 49.
Piece goods, length of, 165.
Pleurosigma angulatum, 9.
Poil silk, 92. .
Polarising apparatus, 12.
Poplin, 124

Preparing sections, 13.
Provision bags, cloth for, 198.

Q.

Quality numbers, 6.

R.

Ramie, 31.

Raw silk, 91.

Reeling, various standards
59-74.

Repp, 124.

Reprise, 112.
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